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Advanced Micro 


Seventeen MIPS with a single 
32-bit RISC chip. Sustained. 42,000 
dhrystones. In CMOS. On the shel. 
Complete hardware and software 
development support. Optimizing 
compilers. Assemblers. Debuggers. 
Industry standard operating systems. 
Hardware development tools. 
~ Documentation, 
training and customer 
support. Now. 
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Dale WSC 


Wirewound Resistors 


Now you can have all the advantages of 
wirewound resistance in a space-saving 
package. Dale’s WSC is totally 
compatible with standard surface 
mounting techniques. It eliminates the 
slowdowns and compromises of products 
merely adapted for surface mounting. 
You get a true SMD—designed from the 
board up to combine fast, economical 
assembly with low values, low TC's, 
close tolerances and high power-to-size 
ratios. It’s the breakthrough you expect 
from the industry leader in resistance 
technology. Call your Dale representative 
or Dale Electronics, Inc. 1122 28rd Street, 
Columbus, NE 68601. 

Phone (402) 564-3131. 


SPECIFICATIONS 


WSC-1 = 1-watt, 0.1Q - 2.38KQ 

WSC-2 = 2-watts, .005Q - 10.4KQ 
Tolerances: +.05% to +5% 

TC/R: +20, 50, 90 PPM/°C depending 
on value. 

Dimensions: 

WSC-1 = .250L x .150W x .110H and 
WSC-2 = .445L x .275W x .162H 

Tape and Reel Packaging: 

WSC-1 =16 mm and WSC-2 = 24 mm 


DALE, 


Dale Makes Your Basics Better 


,000 Components 


PREM Magnetics receives 
IBM® OUTSTANDING QUALITY Award 


We've been saying for a long time that Prem has low prices. We’re also very 
proud of the high quality of our competitively-priced components. 


Our sincere thanks to the IBM Corporation for recognizing the achievement of 
our people in delivering over 850,000 linearity and width coils to IBM in 1987 


without a single part being rejected. 


Prem is honored to be the only electronics firm to receive this award for quality 
in 1987. 


Pe Send for our catalogs of standard 
components, or information on our 
custom products, today. 


Roger Liston ® 
President ; 
PREM MAGNETICS, Inc. 3521 North Chapel Hill Road 


McHenry, IL 60050 
MAGNETICS, (815) 385-2700 
CIRCLE NO. 2 INCORPORATED -sFAx (815) 385-8578 


be TO 4000MHz from $1372... 


Tough enough to meet full MIL-specs, capable of operating over a wide -55° to +100°C 
temperature range, in a rugged package...that’s Mini-Circuits’ new MAN-amplifier series. 
The MAN-amoplifier’s tiny package (only 0.4 by 0.8 by 0.25 in.) requires about the same 

pc board area as a TO-8 and can take tougher punishment with leads that won't break 


off Models are unconditionally stable and available covering frequency ranges 0.5 to 
500MHz and 0.5 to 1000MHz, and NF as low as 2.8cB. 


Prices start at only $13.95, including screening, thermal shock -55°C to +100°C, 


fine and gross leak, and burn-in for 96 hours at 100°C under normal operating 
voltage and current. 


Internally the MAN amplifiers consist of two stages, including coupling capacitors. 
A designer's delight, with all components self-contained. Just connect to a dc 
supply voltage and get up to 28dB gain with +9dBm output. 


The newMAN-amplifier series... 
another Mini-Circuits’ price/performance 


breakthrough. 
FREQ. 
RANGE GAIN MAX. NF DC PWR_ PRICE 
(MHz) dB OUT/PWRt dB 12V, $ ea. 
MODEL f, to fy min flatnesstt dBm (typ) mA (5-24) 
MAN-1 0.5-500 28 1.0 8 45° 60 13.95 
MAN-2 0.5-1000 19° 4:5 7 6.0 55 15.95 
MAN-1LN 0.5-500 28 1.0 8 28 60 15.99 
©MAN-1HLN 10-500 10 08 15 of 70 15.95 
* MAN-1AD 5-500 16 05 | 6 ios 85 24.95 
++ Midband 10f, to uy: +0506 +|dB Gain Compression Case Height 0.3 In. 


Max input power (no damage) +15dBm, VSWR in/out 1.8:1 max. 
* Active Directivity 18db 


: finding new ways ... 
setting higher standards 


‘SEL aa a ae 
A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (71 8) 934-4500 
Fax (718) 332-4661 Domestic and international Telexes: 6852844 or 620156 
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tiny SPDT switches 


absorptive... reflective 


dc 0 46GHz from B02), 


Tough enough to pass stringent MIL-STD-883 tests, useable 
from dc to 6GHz and smaller than most RF switches, Mini-Circuits’ 
hermetically-sealed (reflective) KSW-2-46 and (absorptive) 
KSWA-2-46 offer a new, unexplored horizon of applications. Unlike 
pin diode switches that become ineffective below 1MHz, these GaAs 
Switches can operate down to dc with control voltage as low as -5V, 
at a blinding 2ns switching speed. 


Despite its extremely tiny size, only 0.185 by 0.185 by 0.06 in., these 
Switches provide 50dB isolation (considerably higher than many larger 
units) and insertion loss of only 1dB. The absorptive model KSWA-2-46 

exhibits a typical VSWR of 1.5 in its “OFF” state over the entire frequency 
range. These surface-mount units can be soldered to pc boards using 
conventional assembly techniques. The KSW-2-46, priced at only $32.95, 
and the KSWA-2-46, at $48.95, are the latest examples of components 
from Mini-Circuits with unbeatable price/ performance 


Connector versions, packaged in a 1.25 x 1.25 x 0.75 in. metal case, 
contain five SMA connectors, including one at each control port to 
maintain 3ns switching speed. 

Switch fast...to Mini-Circuits’ GaAs switches. 


SPECIFICATIONS 


Pin Model KSW-2-46 KSWA-2-46 
Connector Version ZFSW-2-46 ZFSWA-2-46 
FREQ. RANGE dc-4.6 GHz dc-4.6 GHz 
INSERT. LOSS (db) typ max typ max 
dce-200MHz 09 1.1 08 1.1 
200-1000MHz 10 13 09 13 
1-4.6GHz 13 17 15 26 
ISOLATION (dB) typo =min typ min 
dc-200MHz 60 50 60 50 
200-1000MHz 45 40 50 40 
1-4.6GHz 30 Zo 30 25 
VSWR (typ) ON 1.3:1 13 
OFF — 1.4 
SW. SPEED (nsec) 
rise or fall time 2(typ) 3(typ) 
MAX RF INPUT 
(bBm) 
son up to 500MHz +17 17 
finding new ways ... above 500MHz +27 +27 
setting higher standards CONTROL VOLT.  -5Von, OV off —5V on, OV off 
1 Mini- Circuits OPER/STOR TEMP. -55° to +125°C -55° to +125°C 
PRICE (1-24) $32.95 $48.95 
A Division of Scientific Components Corporation 
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 lec se-95 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
C117 REV.D 
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PC-based logic analyzers 134 

Logic analyzers that incorporate or depend on personal computers 
have added a new twist to selecting the most appropriate instrument 
for a specific application. No longer are performance and cost the only 
issues you must consider—Dan Strassberg, Associate Editor 


DESIGN FEATURES 
Stringent testing ensures immunity 16] 
to power-line disruptions 
To be reliable, any equipment that uses mains power needs to pass 
,  & | certain tests that prove it’s immune to power-line disturbances. 
On the cover: PC-based logic analyzers | —Peter Green, Stratus Computer Inc 


are assuming varied guises and offering a 
surprising variety of functions. See 29 154 Tyesioner’s Guide to dc/dc converters—Part 1 175 


(Photo courtesy John Fluke Mfg Co Inc) : . : 
This article, part 1 of a 4-part series, demonstrates the design of the 


ubiquitous 5- to £15V de/de converter—Jim Williams and 
Brian Huffman, Linear Technology Corp 


Designer’s Guide to PC-based 195 
analog pc-board design—Part 1 

Part 1 of this 2-part series helps you to evaluate PC-based, pc-board 
design tools and presents a checklist of features desirable for analog, 
board design.—Kimberley F Quirk, Engineering Services Group 


Logic simulators exhibit different levels 213 
of device characterization 


When selecting a logic simulator, you need to evaluate a number of 
criteria. One of the most important is the method that the simulator 
uses to model devices and to characterize their performance. 


—Richard $ Gogesch, OrCAD Systems Corp 


Design innovations make 225 
1553 controller more flexible 


Although MIL-STD-1553 bus controllers reduce overhead for com- 
munication over an interface, they can result in I/O boards that are 
hard to adapt to different systems and sometimes difficult to test. 
—Steven W Rider, Westinghouse ILSD 


Continued on page 7 
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HP's new optically programmable SmartWand barcode 
reader makes it easy to add barcode scanning capability to 
most host systems. 3 

The SmartWand reader cuts your design-in time to a 
matter of hours. And it eliminates the need for extensive 
decode and debug experience. All it takes is a 5V serial inter- 
face. Just plug in the wand and you're in business. 

And since the wand does its own decoding, you can 
easily program it to read seven different barcode symbol- 
ogies. Or ask it to convert any of these codes to Code 39 
for decoding by older systems. 

Plus it works in intense artificial light, direct sun- 
shine and rain. And it’s available in special versions for 
high- and low-resolution applications. All in a low-power 
industrial-wand package with no footprint. 

The SmartWand barcode reader's price is easy to 
read too. Under $250*in 100 quantities. To order, contact 
your authorized HP distributor today. In the U.'S.: Almac 
Flectronics, Hall-Mark, Hamilton/Avnet, or Schweber 
In Canada: Hamilton/Avnet or Zentronics, Ltd. 


G HEWLETT 


PACKARD 


"U.S. list prices 
CG08801 
© Hewlett- 
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TECHNOLOGY UPDATE 


Test and measurement software offers 59 
more than just another pretty interface 

Vendors of test and measurement software are offering increasingly 
sophisticated user interfaces for their products as they strive to make 
more instruments that are both adaptable to computers and easy for 
test engineers to use.—J D Mosley, Regional Editor 


Continued from page 5 


test and measurement 50 pare, ea te ek lt 
color graphics is here to stay eo ). Dielectrically isolated ICs move into 8] 


high-performance applications 


A wide range of high-performance analog ICs now use dielectric- 
isolation techniques. Precision amplifiers, video circuits, analog 
switches, circuits with high input voltages, and even analog ASICs 
currently benefit from dielectric-isolation technology. 

—Richard A Quinnell, Regional Editor 


PRODUCT UPDATE 
CPU card 97 
STD Bus boards 98 
Graphics terminal 100 
16k x 4-bit static RAMs os 102 
STD single-board computer 106 
DESIGN IDEAS 
Serial port controls parallel device 245 
Full adders form 7-input carry-save adder 246 
Algorithm unrolls spectra 246 
EDN magazine Single MACD performs IIR filtering 248 
now offers Circuit divides by 2 or 3 254 


Express Request, 
a convenient way 
to retrieve product 
information by 
phone. See the 
Reader Service 
Card in the front 
for details on how 
to use this free 
Service. 


Express | press 
Request 
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17 MILLION PLDS A MONTH 
BEGIN WITH DATA 1/0. 


No company supports as many 
programmable logic devices as 

Data |/O®—virtually every PLD on the 
market. From design, to program- 
ming and test, Data I/O is the industry 
choice for PLD development tools. 


UNIVERSAL SUPPORT FOR EVERY PLD 
MANUFACTURER. We give you the 
freedom to choose the right PLD 

for your design—from any manufac- 
turer. You can use our tools to design 
and program all PLD architectures, 
including PALs, FPLAs, PLEs and 
EPLDs, and all technologies from 
vertical-cell AIM, ECL, and CMOS 

to bipolar. And you can pick any 
package—DIP, PLCC, LCC or SOIC. 


UNIVERSAL DESIGN TOOLS. ABEL™ 3.0, 
Data I/O's high-level design language, 
lets you describe your design with 

any combination of equations, state 
diagrams, or truth tables. For multiple 
PLD design, use the advanced logic 
synthesis capabilities of GATES™ 

And for complete device testability, 


PLDtest® is our universal tool for 
automatic fault grading and test vec- 
tor generation. 


UNIVERSAL PROGRAMMING TOOLS. 
The UniSite™ 40, our most sophisti- 
cated programmer, handles all 
devices—memory, logic, and 
microcontrollers—in a single site. 
The modular approach to logic 
programming is the 29B with a 


Data I/O Corporation 10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S.A. (206) 867-6899/Telex 15-2167 

Data I/O Canada 6725 Airport Road, Suite 302, Mississauga, Ontario L4V 1V2 (416) 678-0761 

Data I/O Europe World Trade Center, Strawinskylaan 633, 1077 XX Amsterdam, The Netherlands + 31 (0)20-6622866/Telex 16616 DATIO NL 
Data I/O Japan Sumitomoseimei Higashishinbashi Bldg., 8F, 2-1-7, Higashi-Shinbashi, Minato-ku, Tokyo 105, Japan 


(03) 432-6991/Telex 2522685 DATAIO J 


©1988 Data |/O Corporation 
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LogicPak™. Or for portable conven- 
lence, choose the 60A. 


UNIVERSALLY APPROVED BY PLD 
MANUFACTURERS. With Data |/O, you 
can depend on the accuracy and reli- 
ability of your programmed PLD. We 
work with semiconductor manufac- 
turers—long before devices are 
released—to develop, and obtain 
approvals for, our programming 
algorithms. So reliable support will 
always be ready when you need it. 


A CLOSER LOOK AT UNIVERSAL SUP- 
PORT. Call us today for more informa- 
tion about our complete line of PLD 
development tools and ere 
qualify for your FREE 
copy of the ABEL 3.0 

demonstration disk. Your 

PLDs will be off to a better 

Start and a faster finish. 


1-800-247-5700 
Ext. 317 


DATA I/O 


Corporation 
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People have always been a little skeptical about 
giving up their old standards. And today, the same 
thing is happening to INMOS Transputers. 

Some system designers continue to use 
traditional microprocessors from their same old 
suppliers instead of capitalizing on the advantages 
of Transputers. What they’re passing up is the 
chance to use our 1-800. The fastest 32-bit, single 
chip, floating-point microprocessor available today. 

And the T-800 is backed by a complete 
family of products including the pin compatible 1414 
Transputer offering lower costs, 10 MIP performance 
and .75M Whetstones. The 16-bit T212 is an ideal 
high-performance controller and the M212 Disk 
Processor combines disk control hardware and a 
Transputer on a single chip to support both 
Winchester and floppy disks. 

For turbocharging your current system, Our 


Link Adaptor IC’s allow Transputers to be connected 


to other microprocessors and peripherals. The 
C004 Link Switch makes the design of software 
reconfigurable multiprocessor systems simple 

and straightforward. And all Transputers are 
manufactured using a CMOS process on epitaxial 
silicon for reduced power consumption and 
latchup immunity. 

While skeptical engineers still use standard 
microprocessors or floating point chip sets, 
Transputers are being utilized to create revolutionary 
systems like NASA’s retriever robot. . 

So take a close look at INMOS Transputer 
products. You'll see why the ordinary microprocessor 
is quickly becoming a thing of the past. 


INMOS, 1000 AZTEC West, Bristol, Tel. (0454) 616616, Colorado, USA — 719-630-4000, Munich, Germany — 
089-319-10-28, Paris, France — 1-46-87-22-01, Tokyo, Japan — 03-505-2840. 


INMOS Transputer © ond IMS are trademarks of the INMOS Group of Companies. 
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The Best’Too 


Now Experience Electronic Design 
As It Was Meant To Be With 
The New Digital VAXstation™ 3000 
Series, And The Full Line Of Valid 
CAE/CAD Software. 
From Digital Equipment Corpora- 
tion and Valid comes the ideal combination for Electronic 
Design Automation. A dynamic system you need to tackle 
todays critical design demands. 
It all begins with the powerful new VAXstation 3000 


Series of workstations from Digital. The VAXstation 3000 
12 


offers you incredible performance and high-speed graphics 
in a package suited perfectly for Electronic Design. 

Next comes the full line of Valid state-of-the-art soft- 
ware to address even your toughest Design needs. Included 
are tools for digital and analog design and analysis. As well 
as design and analysis for ICs and PCBs. Plus documentation 
and links to test, and mechanical CAE. 

Digital and Valid are able to bring you this synergy 
through the use of industry standards. Like the Ethernet™ 
network with DECnet™ TCP/IP protocols, which let your 
entire design team work together in unison. And VMS™ 
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operating system that allows Valid software to run on a To find out how Electronic Design was truly meant to 

VAxstations and VAX computers be with customized application, hardware, networking and 

Working together makes the difference. support services from industry leaders, call 1-800-821-9441 
Digital and Valid products work cooperatively to (outside CA), or 408-432-9400 ext. 2311 (inside CA), or your 

ensure that your people can work more productively, more nearest Digital or Valid Sales Office. 

creatively, and more efficiently. This offers you the benefits | 

of a customized solution that integrates applications, hard- rin Caapeute: 

ware, networking, and support services — providing you ilgliltjall Marketing 

with a key competitive edge in meeting your engineering meen 

design needs. The right people with the right tools working ———ersvwietagesjsems,DgtalBquipment Corporation Vals wademark ofl age Sens gt lg, Yan, 

together, Digital, Valid, and You. EEE 
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TEST AND MEASURING INSTRUMENTS 
FOR THE CO 


Farnell Instruments manufactures test equipment _ 
for the production test, or repair, of mobile ra radios, pocket pagers 
and other communications equipment. 


The instruments available include synthesized signal generators, 
spectrum analysers, test sets, modulation and power meters, etc. 
Field portable, bench or rack mounting models are available. 
They are competitively priced, well specified, 
and available world-wide through a network of Agents. 


| For detailed information 
use this magazine’s response system now. 


CIRCLE NO 210 


44 mm tall Instrument Case. 


Features useful groves. 


MICROBOX, 
7 DESKTOP or 19” std. rack 
mountable models in stock. 


A wide variety of 
grooves to reduce 


your assembly steps. 
Actual size > 
cc eer Sc - oo 
Special sizes and screen printing on request. 
44 mm Two different 
height frontpanel 
options. 
Representatives: 
Finland. Perel Oy. Tel: 094-21600. 
Denmark. Multikomponent Tel: 02-45 66 45. 
Belgium. ISI SPRL/PVBA. Tel: 02-660 1447/1356. 
Switzerland. Altrac AG. Tel: 01-741 46 44. 
Netherlands. Amroh B.V. Tel: 02940-153 50. 


E 44 EE 44 Austria. SRS GmbH. Tel: 0222-872511. 
Portugal. Nova Zeta 3. Tel: 01-537 563. 


West Germany. 
Agents Wanted. 


S at ‘ h 
see UP vy ynich 
nica MUN powerbox 
plecttO’ 14, B 
all e Sweden. Tel: 0158-11920. Telefax 0158-11920. Norway. Tel: 02-53 58 37. Telefax: 02-58 03 70. 


USA. Tel: (303) 444 1461. Telefax: (303) 4443135. Australia. Tel: 02-476 4211. Telefax: 02-476 2254. 
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If you want to increase 
the ane of your PWB real estate, 
Du Pont can help 
you do it. 


With VACREL’ photopolymer film solder : 
‘mask. The material that enables you to reliably _ 
encapsulate dense circuitry and tent via holes, 
permitting more electrical functions in less PWB 
real estate; to let you create higher density 
PWBs than ever before. 

Instead of placing vias and in aes 


tents the vias, solder stays only i in the places 
where you want it; you avoid bridging, shorts, 
and contamination. It’s also easier to clean 

~ under components. 

Tn addition, you use less solder, minimizing _ 
assembly weight, because you're only covering 
connections. Hole-filling defects are also avoided. __ 
The bottom line is VACREL can increase | 

assembly yields and cut manufacturing costs per 
function allowing you to get the most from your 
PWB real estate. _— 
Tf you want more value out of yourPWB 
real estate, ask for VACREL photopolymer film _ 
solder mask. It’s the right material for PWB | 
designs. Just call Du Pont at 1-800-237-4357, 
Or write: DuPont Company, Room G-51176, 
"Wilmington, DE 19898. 


DuPont Electronics 


Share the power of our resources. 
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CONTROL DATA 
JUST CHANGED 
THE DISK DRIVE 


INDUSTRY 
FOR GOOD. 


Control Data has just 
created a new, separate 
subsidiary called 
Imprimis Technology 
Incorporated. But you 


can just call us Imprimis. 


It means “‘in the first 
place?’ We think it fits— 
because we are. And we 
intend to remain there. 
First in high-perform- 
ance, high-capacity disk 
drives. First in quality. 
First in service and 


customer satisfaction. 
We introduced the 
world’s first 200 mega- 
byte disk drive in a 
3 inch form factor: 
the SWIFT™ WREN™ 
5% inch disk drives were 
the first to break the sub- 
20 millisecond seek time 
barrier and they’re still 
the fastest 5% inch drives 
in the world. The SABRE™ 
8 inch disk drive was the 
first drive of its size to 


offer over 1,200 mega- 
bytes of storage. And in 
survey after survey of 
the OEM drive business, 
we ranked first in cus- 
tomer service. 

So, just because 
we changed the name 


_ doesn’t mean we're going 


to change our ways. 
We're going to stay the 
world’s leading supplier 
of OEM data storage 
products. 


IMPRIMIS 


A Subsidiary of Control Data 
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More Than 50,000 Good Reasons 
To Attend WeSCcon/88- 


In addition to the most qualified 

audience you can reach at any show of 

its kind, Wescon gives you: 

¢ More than 6,000 live product 
demonstrations. 

¢ More than 1,300 vendors. 

12,000 factory experts and engineers. 

¢ 36 idea-generating technical sessions. 

11 incisive and problem-solving tutorials. 

¢ Electronics Theater featuring state-of- 
the-art developments. 


And This Year, Wescon 
Gives You More: 


¢ New Automated Design Center. 
¢ New Products and Technology 


Achievement Awards. Wescon Is More Than An Event, 


Wescon is an exciting, one-of-a-kind It Is An Investment! 
opportunity where the engineer and the 


people who will supply him congregate 


for an exchange of new ideas and new Wescon/88« 
technologies. It is a place where new Nov. 15-17, 1988 
ideas are introduced and design Anaheim Convention Center 


problems are solved. Anaheim, California 


There is no better event to enhance your To pre-register, fill out the form below, or fora 


professional growth and technological Preview Program, call (800) 262-4208 in California 
awareness than Wescon/88. or (800) 421-6816 outside California. 


Pre-Registration Fee — $5.00 CIRCLE APPLICABLE BOXES 
Wescon / SSO Computers, Systems Design 


6-90140 Circuit Design 


() zx IEEE Member 
(1) zy ERA Member 
[) zz Other Affiliation 


Communications 


Military/Aerospace Packaging, Prototype Design 


Automotive Production/Fabrication 


Electronic Components; Devices Research/Development 


Business Equipment Purchasing 


Medical Engineering Management 


Consumer/Entertainment Administration; Management 
Testing; QC/QA 
Consulting; Education 


Other 


INDUSTRIAL CLASSIFICATION 
JOB FUNCTION (ONE ONLY) 


Consulting/Education 


Please PRINT as you 
want shown on badge 


ete Pd dd ht {J 


FIRST OR INITIALS LAST 


Position » Telephone Lee bt Pe 
AREA CODE NUMBER (OPTIONAL) 


Company/Organization |_| | Lal ft ed 
Address: Bus. or Home SLeea eee eee ae eae ae e ee 
DEPT or M/S 


City, State, Zip Code io et pe PD Dd Dh Td 
STATE ziP CODE 


Other 


CAD/CAE Tools; Systems 


Computer Software 


Electronic Components 


Electro- Mechanical Components 


Production Equipment, Machinery 


Production Supplies, Materials 


Consulting Services 


Fabrication Services 


Test. Insp., Measurement Inst 


Testing Systems 
Other 


208764 


To receive your badge in advance, please complete this form and mail it along with your check to arrive NO LATER THAN October 28, 1988. 
After October 28 the at-the-door fee applies. If you do not receive your badge prior to Wescon/88, check in at the advance registration counter 
in the Anaheim Convention Center. NO ONE UNDER THE AGE OF 16 ADMITTED. No refunds after November 11, 1988. 


AREAS OF MAIN PRODUCT INTEREST 


MAIL TO: WESCON/88, P.O. BOX 54760, TERMINAL ANNEX, LOS ANGELES, CA 90054-0760. EDN101388 
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IGBTs. The comparisons. 


Compare Power 


BIPOLAR 
2000+ DARLINGTON 


—_— 
[e) 
© 
(eo) 


VOLTAGE (V) 
ol 
om) 
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The choice is now obvious when you 
require both power and switching speed in 
your power systems. Insulated Gate Bipolar 
Transistors (IGBTs) offer both. 

Similar to Bipolar, IGBTs have high 
conductivity with faster switching speeds 
(tf =O.5uS typ). And like MOSFETs, IGBTs 
have high input impedance/high speed with 


lower on-resistance (as low as 8mQ). 
a ae a ae a aT SO now, for applications like low-noise 
CURRENT (A) inverters and servo-motor drives, there really 

Compare Speed isn't any reason to compromise. The solution 
you've been looking for is available: |GBT. 
The performance combination that doesn’t 
make you give up one thing to get another. 

Leading the way, again, this time with — 
the broadest line of IGBTs anywhere in the 
world. Toshiba. oe 


TOSHIBA AMERICA, INC. 


Semiconductor Products Division 


POWER (\-A) 


10° 10° 10° 10° 10’ 10° 
SWITCHING SPEED (Hz) 


Compare Selection 


MAXIMUM RATING 
CIRCUIT SYMBOL] Vces(V) COLLECTOR CURRENT Ic (A) 
_s | 6 | 2 | 50 100 | 300 
GT15H101t GT25H101t GT50G 101 t 
500 (400V) 
o4 BS ; MG15H1BS1 MG25H1BS1 MG50H1BS1 
2 ees 
MG15N1BS1 MG25N1BS1 MG50N1BS1 
ae i a a 
a oe a oe a i a 
i ae a 
| woo | 


Ee ee 
ob Ar au. vs | 100 | ‘| morenavsi | mazsnovs1 | mGsonavs1 


MG25N1JS1 


tNon Isolated Type TO-3P Under Development 


TOSHIBA AMERICA, INC., Semiconductor Products Division Headquarters, 9775 Toledo Way, Irvine, CA 92718 © (714) 455-2000. Regional Sales Offices: 
Western Region, (714) 455-2000: Central Region, (312) 945-1500; Northeastern Region, (617) 272-4352; Southeastern Region, (404) 368-0203. 
Distributed by: Marshall Industries, Cronin Electronics, General Components, Inc., Goold Electronics, ITT/Multicomponents * RAE Electronics (Canada only), 
Image Electronics, Ital Electronics, JACO Electronics, Reptron Electronics, Sterling Electronics and Western Microtechnology. SPD-88-003 
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NEWS BREAKS | 


EDITED BY JOANNE CLAY 


GaAs 22V10 PLD ATTAINS 7.5-NSEC PROPAGATION DELAY 

Circuit improvements and a drop to 0.7-wm effective transistor gate lengths 
allowed Gazelle Microcircuits, Inc (Santa Clara, CA, (408) 982-0900) to chop 25% off 
the propagation delay of the GA&2V10, the company’s recently announced 10-nsec, 
laser-programmed, GaAs PLD (see EDN, June 26, 1988, pg 95). The $37 (10,000) 
GA22V10-7 sports a 7.5-nsec propagation delay and a 110-MHz max toggle frequency. 
The firm expects the device to cost $16 (10,000) in 1990.—Steven H Leibson 


DSP-BASED MICROCONTROLLER OFFERS 160-NSEC CYCLE TIME 

The DSC320C14 microcontroller from Microchip Technology Inc (Chandler, AZ, 
(602) 345-3287) combines 4k words of ROM, 856 words of RAM, and various I/O 
signals with a DSP320C10 DSP pP core; it executes multiply-accumulate operations 
in a single 160-nsec instruction cycle. The microcontroller’s on-chip features include 
16 bit-selectable I/O lines, 15 internal/external interrupt inputs, and 1 nonmaskable 
interrupt signal. The chip also includes four 16-bit general-purpose timers that 
have 160-nsec resolution. An on-chip serial port operates at 6.4 MHz synchronously 
or 400 kHz asynchronously. You can also configure the serial port to connect to the 
Bitbus. The chip will be available in a 40-pin DIP, a 44-pin PLCC, and a 68-pin PLCC. 
You can buy samples of the chips for $75; production quantities will be ready in 
the first quarter of 1989. Texas Instruments will act as an alternate source for the 
parts.—Maury Wright 


SEDCO INKS PACTS WITH IBM AND SAE FOR DESIGNLIBS 

Two recently announced agreements will assist pc-board designers in their jobs. 
First, Standard Engineering Data Company (Sedco, Scotts Valley, CA, (408) 458-7885) 
and Systems Effectiveness Associates Inc (SEA, Norwood, MA, (508) 762-9258) have 
agreed to jointly market their advanced-component libraries and analysis capabili- 
ties. You can now obtain compatible libraries for pc-board design and thermal, 
reliability, maintainability, and life-cycle analysis tasks. Sedco will provide compo- 
nent data libraries, organized by manufacturer’s databook, for SEA’s thermal and 
reliability programs. Second, Sedco announced that it’s been accepted in IBM’s Coop- 
erative Software Program: IBM will offer Sedco’s DesignLib libraries to its customers 
through the IBM sales organization. DesignLibs provide all the data necessary for 
schematic capture, place and route, and interactive layout on IBM’s CBDS system. 
Additionally, DesignLibs supports Computervision, Mentor Graphics, OrCAD, P-CAD, 
Racal-Redac, and Zuken pce-board-design data formats.—Michael C Markowitz 


ROM-BASED BIOS AND OPERATING SYSTEM RUN MS-DOS PROGRAMS 


Award Software Inc (Los Gatos, CA, (408) 370-7979) has combined its BIOS (basic 
I/O system) ROM with an operating system to help system designers incorporate 
MS-DOS compatibility in their products. You can obtain the ROS (ROM operating 
system) package in two versions: One has both software components installed in a 
ROM; the other has the BIOS in ROM and the operating system on a floppy disk. The 
ROM version costs less than $100 (100), and the dual-media version costs less than 
$80 (500). The ROS BIOS is derived from the company’s earlier BIOS products and 
operating system, DR DOS from Digital Research Inc (Monterey, CA). It’s compatible 
with Microsoft Corp’s (Redmond, WA) MS DOS 3.3. It also includes some enhance- 
ments, such as support for disk partitions as large as 512M bytes and both file- and 
record-level password protection.—Steven H Leibson 
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AI DEVELOPMENT SOFTWARE ADDS WINDOWS AND GRAPHICS 


The Goldworks II software package lets expert-system developers include win- 
dows and graphics in their applications. This new version from Gold Hill Computers 
(Cambridge, MA, (617) 621-3300) lets you build AI-based applications that interface 
to conventional applications, spreadsheets, databases, and programming languages. 
The program is available for use with Sun workstations, IBM PC-compatible comput- 
ers, and Apple Macintosh II computers. The Goldworks II system architecture in- 
cludes a menu interface, an external interface, and a developer’s interface with 
hooks for Lisp, C, Lotus 1-2-3, dBase III, and Microsoft Windows. The knowledge 
base uses frames to represent problems, forward- and backward-chaining rules for 
reasoning, and object-oriented programming for dividing large problems into man- 
ageable subsets. You also get a rule editor, a Multiple Assertion Representation 
System (Mars) inference engine, and the ability to browse through a graphical repre- 
sentation of your expert system as you develop it. For those who have Goldworks 
1.1 and a current service contract, the upgrade to Goldworks II is free. For Goldworks 
1.1 owners who don’t have a service contract, the upgrade costs $1000. New custom- 
ers pay $7500 for the first copy; the price drops to $5995 for two copies and $4995 
for three copies.—J D Mosley 


VIDEO-CONTROLLER BOARD DRIVES FOUR EGA MONITORS AT ONCE 


The $1495 4-On-The-Floor EGA video-controller card from STB Systems Inc 
(Richardson, TX, 75081, (214) 234-8750) plugs into one IBM PC slot and drives as 
many as four independent IBM EGA (Enhanced Graphics Adapter) or variable- 
frequency CRT monitors. The full-length board’s 1M-byte video memory allows you 
to put a different display on each monitor in the standard 16-color, 640 x 550-pixel 
EGA format as well as in the enhanced-resolution modes of 752x410 and 640 x 480 
pixels. In addition, you can place a second video-controller board in a PC, allowing 
the computer to use eight monitors as independent information displays. The con- 
troller board incorporates firmware that performs monitor activation and switching, 
and the company supplies Microsoft Windows software drivers with the board for 
the enhanced-resolution modes.—Steven H Leibson 


TAPE DRIVE STORES 86M BYTES ON A SINGLE DC2000 TAPE CARTRIDGE 


Adding to its MCD series of minicartridge tape drives, 3M (St Paul, MN, (612) 
735-1110) now offers the MCD-Series II drive, which can store 86M bytes on a 
DCR2O000HD cartridge. The drive records data on 32 serpentine tracks by using a GCR 
recording scheme. The tape drive owes its storage capacity to its modified QIC-100 
data format, which also provides a 98.5k-byte/sec (6M byte/min) data-transfer rate. 
The drive employs a SCSI port and specs an error rate of less than one in 1012 bits. 
You can purchase evaluation units now; production units will be available in the 
first quarter of 1989 for $480 (500).—Maury Wright 


HYBRID SYNCHRO-TO-DIGITAL CONVERTER HAS TWO CHAN NELS 

The HSD/HRD1606 16-bit synchro(resolver)-to-digital converter from Natel Engi- 
neering Co (Simi Valley, CA, (805) 581-3950) combines two independent Type-II servo- 
loop tracking converters in a 40-pin TDIP. The converter, accurate to 1.3 arc minutes, 
transfers data through two independently enabled 8-bit 3-state outputs. It costs 
$945.—Margery S Conner 
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Why high pertormance 
designers are so excite 
about the new PLD 7C3 


State Machine: a 
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: the fastest With the highest functional Our Preview Kit, with demo floppy + Out prod rama 
density available. and technical paper, even includes | to select macrocel OF 
___ Asystem that lets you design state application ideas, like our step-by-step oduct \ multi- 
machines that can execute control design example showing you how to . input fee ram le, to 
_ breathing hard. plexer using a single CY7C330._ output or Mout (resting * 
High performance designers are You'll also get the databook that has Ree ectional UO PI) 


excited by the extensive features, led by 
__ the richness of 256 product terms. 

By this part’s ability to deliver twice 
the performance and density of previ- 
ous generation PLDs, with about half 
the power. 

By the ease of programming, using 
popular programming languages 
and machines. 

_ And by the ability to design the high- 
est performance state machines, with 
~ 1000 to 1500 gate functionality, using 
reprogrammable PLD technology. 


“ 


910-997-0753. ©1988 Cypress Semiconductor. 


TST AT ir ay 4 


a 
Coy Cates 


the information you need on this great 
part, and on ALL our high performance 
parts. 

CMOS high speed SRAM. 

CMOS high speed PROM. — 

CMOS high speed PLD. 

CMOS high speed Logic. 


PLD 7C€330 Preview Kit and Data- 
Book. Yours free, for a toll-free call. 


DataBook Hotline: 
1-800-952-6300 

Ask for Dept. C43 
(32) 2-672-2220 In Europe 
(416) 475-3922 In Canada 


Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134, Phone: (408) 943-2666, Telex: 821032 CYPRESS SNJ UD, TWX: 


NEWS BREAKS: INTERNATIONAL 


ARCNET FINDS SUPPORT AS A FIELD BUS FOR MAP/TOP NETWORKS 

A joint project among Computer Systems Development Ltd (London, UK, TLx 
251828; in the US: Marlboro, MA, (617) 460-0330), Cimtel Ltd (Birmingham, UK, TLX 
554555), and Comendec Ltd (Birmingham, UK, TLX 5545355) is currently under way 
to develop a computer integrated manufacturing (CIM) system based on the MAP 
(Manufacturing Automation Protocol), TOP (Technical Office Protocol), and Arcnet 
networks. At the MAP/TOP level, the project involves the integration of Computer 
Systems Development’s VAX-based MRP-II manufacturing-resource planning soft- 
ware with Cimtel’s Cimplan process-planning package and preproduction and fac- 
tory-scheduling systems. 


Comendec is contributing its Arcnet LAN expertise to provide communication 
between these systems and the shop-floor equipment used in the manufacturing 
process. As part of this task, the company will develop the Arcnet-to-MAP/TOP gate- 
ways required to link the networks together. Despite the fact that Arcnet isn’t 
currently seeking endorsement by the IEEE-SC65C/WG6 MAP standards committee, 
Comendec believes that it’s suitable for use as a field bus for factory automation, 
both because of the low cost and proven performance of Arcnet LAN Ss, and because 
the LANs’ users have accumulated considerable software experience on existing 
commercial and industrial installations (more than 1 million Arcnet nodes have 
been installed worldwide).—Peter Harold 


TOSHIBA BASES 32-BIT PROTOTYPE uP ON TRON ARCHITECTURE 

Toshiba Corp has become the second company (after Hitachi) to announce the 
development of a prototype wP based on the TRON architecture proposed by Tokyo 
University’s Professor Ken Sakamura. The chip, the TX1, reportedly operates at 5 
MIPS (Hitachi’s previously announced TRON device runs at 6 MIPS). Toshiba expects 
to make the first evaluation samples available by the end of 1988. 


According to reports in the Japanese press, Japanese firms are developing chips 
based on the TRON architecture because US companies such as Motorola and Intel 
are reluctant to license Japanese firms to manufacture their wPs. The Japanese 
companies, therefore, aim to develop their own technology for future-generation 
microprocessors. Hitachi, Fujitsu, and Mitsubishi have reportedly teamed up to 
produce a series of TRON mwPs to be named G-Micro. NEC, too, is said to have developed 
a proprietary series of TRON chips called V60 and V70, which have not been applied 
commercially.—Joanne Clay 


77-mW LASER DIODE TARGETS LONG-DISTANCE COMMUNICATIONS 
Mitsubishi Electric Corp has developed a 1.5-~m distributed-feedback-type laser 
_ diode capable of producing a 77-mW max output—about 1% times the output of 
comparable devices. To create the laser diode, the manufacturer combined MOVD 
(metal organic-chemical vapor deposition) technology and a proprietary method that 
uses a printed-circuit board and a partially inverted hetero structure. | 
—Clare Mansfield 
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Flexible Triggering An Issue: 


RECORD RECALL 


@ PROTECTED 


RECORD ° S 
UNPROTECT DOWN UP —AUTOCYCLE 7 


SAVE. | cA : ON/OFF SAVE 


FILTER POSITION =| aa \ Fe Page ieee ae . POSITION 


ON/OFF ‘SAVE ounces ’ es ON/OFF SAVE 


FILTER POSITION 
& 


a @ 
Get the Ultimate in Flexibility — With Nicolet’s 4180 plug-in and 4094C 


Digital Storage Oscilloscope, you can take the guesswork 
Fi Xibilt d 5 | out of triggering. The Trigger View feature gives you a 
eC ty an graphic representation of trigger slope, level and 
sensitivity superimposed on the actual trigger input signal. 


¢ Preview Of Trigger Settings What this means for you is easy and accurate trigger 


¢ Operate With Indepen dent Trigger setting. Using the 4094C with two 4180’s allows four input 
and Timebase Settings for Eac h channels with each two-channel plug-in having its own 


independent time base and trigger settings. That's 


Plug-in. flexibility! 
¢ 200 MegaSamples per second Speed — Wideband input amplifiers allow you to 
° Real Time Functions capture signals up to a L1OOMHz bandwidth at digitizing 
© Zoom to x256 speeds up to 200 MegaSamples per second. 


, ; Support — All this with unequalled factory support. As 
Floppy Disk Storage a user, your questions are answered quickly without the 

¢ PC Software need for customer account numbers or other qualification. 

¢ Downloadable Software Programs 


Write or give us a call! Nic olet 
Nicolet Test Instruments Division 
5225-2 Verona Road, Madison, WI 53711 608/273-5008 or 800/ 356-3090 INSTRUMENTS OF DISCOVERY 
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3 KHz-800 MHz 
over 90 off-the-shelf models 


from $295 


Choose impedance ratios from 1:1 up to 36:1, 
connector or pin versions (plastic or metal case built 
to meet MIL-T-21038 and MIL-T-55631 requirements *). 
Fast risetime and low droop for pulse applications; 

up to 1000M ohms (insulation resistance) and up to 1000V 
dielectric withstanding voltage). Available for 

immediate delivery with one-year guarantee. | 


Call or write for 64-page catalog or see our catalog in 
EBG, EEM, Gold Book or Microwaves Directory. 


*units are not QPL listed 


A Division of Scientific Components Corperniion 
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Domestic and International Telexes: 6852844 or 620156 


C71 Rev. A 
26 CIRCLE NO 243 


one-piece design defies rough handling tom 


Each unit undergoes high-impact shock test 
Unexcelled temperature stability, 002 dB/°C 
2W max. input power (SMA is 0.5W) 

BNC,SMA and N models (TNC, consult factory) 
Immediate delivery, one-year guarantee 


e 50 ohms, dB values, 

1,2,3,4,5,6, 7, 8, 9, 10, 12, 15, 20, 30, and 40 
e 75 ohms dB values, 3, 6, 10, 15, 20 BNC only 
e Price (1-49 qty.) 

CAT (BNC) $14.95 SAT (SMA) $17.95 

NAT (N) $19.95 


finding new ways... 
setting higher standards 


ee 2 
wy 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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(1-49) 


> 


Atten. Change, (Typ.) 
over Freq. Range 


DC-1000 |} 1000-1500 | DC-1000 MHz |1000-1500 MHz 
1.5 


DC-500 Mtz (all 40 dB models) 


Atten. Tol. 


DC-1500 MHz 
*DC-1000 MHz (all 75 ohm or 30 cB models) 


Model Availability 
SAT (SMA) CAT (BNC) NAT (N) 
Model no. = a series suffix and dash number of attenuation. 
Example: CAT-3 is CAT series, 3 dB attenuation. 


only $7.95 (1-24) 
DC to 2 GHz, 0.25W power rating, VSWR less than 1.1 
BNC (model BTRM-50), TNC (consult factory) 
SMA (model STRM-50), N (model NTRM-S0) 


C 92 REV. D 
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Everything you need 
for ASIC success 
from one reliable source 


An ASIC project is a major commitment of your 
budget and man hours. Give yourself the advantage 
of working with a powerful partner. Oki Semiconductor 
has the experience, resources, and commitment you 
can rely on to help ensure your ASIC VLSI success. 


Advanced ASIC products and technologies 

~ Oki Semiconductor has complete ASIC capa- 
bilities, from full custom to semicustom ICs. Our three 
families of advanced CMOS ASIC products have been 
designed to meet all of today’s high-density, high- 
speed device requirements. 
>  Sea-of-gates: 
new sea-of-gates channelless arrays provide an avail- 
able 100,000 gates and a minimum 40,000 gate circuit 
logic density of 640 picoseconds. 
> Channelled array: 
new 1.2 » channelled arrays provide speed in the 
subnanosecond range together with a logic density of 
up to 30,000 usable gates. 
> Standard cell: 
the new 1.2 » standard cell family offers density up to 
60,000 gates and an average speed of 600 picoseconds, 
plus memory capability of 32K bits RAM and 128K 
bits ROM. 


AIG and logic transparency 

With automatic test-point generation built into 
each of these new products, test programs can be 
generated in a fraction of the time you’d normally 
spend—without sacrificing logic or speed. All three 
product families also use the same cell design library, 
for logic transparency. 


Oe 


CIRCLE NO 34 


Complete ASIC 
support 
Working 
with Oki means 
you can draw on 
Our vast resources 


process. We have 
one of the finest 
ASIC teams in 
the industry to 
support you. We also provide the state-of-the-art 
design tools, packaging options, and manufacturing 
capabilities to successfully implement your project. 
With so much on the line, give yourself the security 
of working with Oki—the one source you can rely on 
for all your ASIC needs. 
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— Introducing two ways 
VME single 


CPU-37. The workhorse of VME. 


Now you can harness all the power of VME and the 68030 with our new, 
low-cost single board computer. 

The new VME/PLUS™ CPU-37 comes with either a 16.7 or 25 MHz 
68030, SCSI and floppy disk controllers, VAEPROM and 1 MB of memory. 
Options include an Ethernet controller and up to 4 MB of memory. 

With the CPU-37, you now have the power of four boards in one. 
Thus reducing your system cost, weight and space requirements. 

In addition, software products such as UNIX, PDOS, gg VxWorks, OS-9, pSOS, 
VRTX32 and C EXECUTIVE will be available. Plus our g™ Running Start™ 
development package will let you start writing your : | 
applications quickly—under UNIX, PDOS or MS-DOS. _ de 

So if you need lots of horsepower without the 9 x < 
thoroughbred price, hitch up with CPU-37. 


. z 


© 1988 Force Computers, Inc. VME/PLUS and Running Start are trademarks of FORCE COMPUTERS INC. UNIX is a trademark of AT&T. PDOS is a trademark of Eyring Research Institute, Inc. VxWorks is a trademark of Wind River Systems, Inc. OS-9 is a trademark of 
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get horsepower in 
d computers. 


CPU-30. The pacesetter of VME. 


Our new CPU-30 shares all the hardworking virtues of the CPU-37, plus it’s 
faster on its feet. 


In fact, it offers the highest level of performance and functionality in 
a 68030 single board computer. And just like CPU-37, our single slot 
CPU-30 has multiple configurations that meet your exact needs. 

The real reason the CPU-30 is such a winner is our 280-pin gate array 
with 22,000 gates. It handles interprocessor communication and high speed 
data transfers much more efficiently. The result is significantly increased system 
throughput in multiprocessing applications like factory automation, simulation, 
test and instrumentation. 

It all adds up to the highest VME system performance you can get. 

So if that’s what you want, why horse around? 

Call us at (800) BEST-VME for CPU-37 and CPU-30 Data 


Sheets and our 1988 Data Book. Count on Force for your 
total VME solution. 


PUTERS 


LE 


\ %X 


VME at its best. 
FORCE COMPUTERS INC. FORCE COMPUTERS GmbH 
3165 Winchester Blvd. Daimlerstrasse 9 D-8012 Ottobrunn 


Campbell, CA 95008-6557 Telefon (089) 600 910 
Telephone (408) 370-6300 Telex 524190 forc-d 
Telefax (408) 374-1146 ‘Telefax (089) 609 7793 


Microwave Systems Corporation. pSOS is a trademark of Software Components Group, Inc. VRTX32 is a trademark of Ready Systems, Inc. C EXECUTIVE is a trademark of JMI Software Consultants, Inc. MS-DOS is a registered trademark of Microsoft Corporation. 
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Unparalleled = High-Density 
Speed. Choices. 


You're constantly in need of higher performance, and For high density choices and unparalleled speeds, 
Mitsubishi delivers. First with 35ns, 256K static RAMs, Mitsubishi Electronics technology leadership in SRAM per- 
Mitsubishi Electronics is now introducing a family of 25ns, formance can help you take your designs into the future. For 

i @ 256K SRAMs. more information, call or write: Mitsubishi Electronics Amer- 
2 5 7 And, for even faster systems, we’re __ ica, Inc., Semiconductor Division, 1050 East Arques Avenue, 
ae ns also introducing 15ns, 64K SRAMs. Sunnyvale, CA 94086. (408) 730-5900. 
a With speeds like this, you can start OS oy 
making tomorrow’s designs a reality. Sooner E * 
than you thought. MITSUBISHI STATIC RAMS er... | Be Og 

Mitsubishi offers not only the speeds pensiry 15 80 95 96 45 65 70 85 100 120 160 
you need, but also the packaging options: 16K 16K x4 M5M21C67 
standard DIP and skinny DIP for through- MSM21C68 
hole applications, SOJ and SOP for surface 


: : M5M5188 
mount applications. 64K 16K x4 M5M5189 (OE) 


: . ° ee M5M5165 
| For even higher density, Mitsubishi MaMe178 
pioneered the Very Small Outline Package K M5M5179 


VSOP) that’s less M5M5257 
Meee wanreoed 


than half the size of 


256K MSM5258 
the standard SOP. ae M5M5255 (CSICS) 
M5M5256 


*PDIP: Plastic DIP SOP: Small-Outline Gul-Wing SOJ: Small-Outline J-Lead VSOP: Very-Small-Outline-Package 
Products subject to availability 


pa 
N 


[222 =«6And, right now, 
we're introducing 32K x 8 static RAMs in this 
high density package. 
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_ MITSUBISHI 
WA ELECTRONICS 


Regional Offices: SOUTH CENTRAL, Carrollton, TX (214) 484-1919 NEW ENGLAND, Woburn, MA (617) 938-1220 SOUTHEAST, Boca Raton, FL (407) 487-7747 
NORTHWEST, Sunnyvale, CA (408) 730-5900 | NORTHERN, Minnetonka, MN (612) 938-7779 MID-ATLANTIC, Piscataway, NJ (201) 981-1001 CANADA, St. Laurent, Quebec, (514) 337-6046. 
SOUTHWEST, Torrance, CA (213) 515-3993 NORTH CENTRAL, Mt. Prospect, IL (312) 298-9223. SOUTH ATLANTIC, Norcross, GA (404) 368-4850 
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SIGNALS & NOISE 


DSO reaches 
2G samples/sec 
After reading the August 4, 1988, 
Product Update about’ the 
Tektronix 2440 digital oscilloscope 
(EDN, pg 90), I feel compelled to 
point out an error. 

I am referring to the alleged 
statement by Tektronix that the 
Model 2440 has “the industry’s 
highest real-time sampling rate— 
500M samples/sec.” 

In November 1986, Hewlett- 
Packard introduced the HP 54111D, 
which has a sample rate of 1G sam- 
ple/sec on both channels. This rate 
is twice the sampling rate of the 
Tektronix 2440. Since the introduc- 
tion of the 54111D, HP designers 
have devised a method for multi- 
plexing both of the instrument’s 
channels so that the instrument 
samples at 2G samples/sec on both 
channels. (Details of this method 
ean be found in HP product note 
HP 54111D-1.) 

Considering the importance of 
sampling rate, inasmuch as that sin- 
gle specification determines the sin- 
gle-shot performance of a digital os- 
cilloscope, I think that it would be 
of great service to you and your 
readers to print a correction. 
Thomas E' Vos 
General Manager 
Colorado Springs Div 
Hewlett-Packard 
Colorado Springs, CO 


(Ed Note: The error was EDN’s: 
We inadvertently printed the 
Tektronix spokesman’s statement 
out of context. The full statement 
was: “Tektronix believes that the 
2440 has the highest real-time sam- 
pling rate of any portable, 8-bit- 
resolution DSO in its price class.”) 


A pP/memory wish list 


I would like to make an appeal in 
your columns for semiconductor 
manufacturers to get their acts to- 
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gether. I mean in particular that 
those who specialize in making mi- 
croprocessors should coordinate 
more closely with those who make 
memory chips. 

I am sure many designers have 
the same frustrating experience 
when putting together a product 
that has a pP, a small boot ROM, 
and a lot of dynamic RAM, such as 
a personal computer. 

It would be very nice if: 

@ 16- or 32-bit wPs could boot 

from a single byte-wide ROM. 

@ The same wPs could output 

addresses intended for dy- 
namic RAM multiplexed to 
suit those DRAMs. It should 
not be difficult for the code 
that runs the boot ROM to set 
up the multiplexing for the 
present generation of 1M-bit 
DRAMs or for future ones of 
greater density. 

@ The pP could put out signals 


I 


NIEL 


to time the DRAM address 
strobes (RAS and CAS). 

@e The pP could refresh the 
DRAM. 

e The pP could take advantage 
of static-column RAMs, which 
can cycle very quickly 
through addresses on the 
same page. 

It would be nice too if certain 
memory-chip makers could manage 
to reduce the deselect time to match 
that required by present wPs. 

P S—EDN is the only electronics 
magazine that really seems inter- 
ested in actual design engineering. 
I think that a section inviting 
“wouldn’t it be great if someone 
would make... ” letters would get 
a big response. It might also help 
advance the state of the art. 

David Cockerell 
London, UK 


(Hd Note: Signals and Noise is a 


EMBEDDED CONTROLLERS 
GIVE INDUSTRY A HAND: 


Now you can give a robot arm the precision that comes with 4.3 
megawhetstones performance on a single chip. With a member 
of Intel’s 80960 family. Just call 800-548-4725 (Lit. Dept. 437). 


©1988 Intel Corporation 
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MODEL VFA430 —  . y | oe COMPUTER TESTED: 
 +5VDC @ 8A | - = ft "DATA SHEET INCLUDED | 
 +12VDC @ 25/4.5A 


_ a 2/4A, isolated ii | Peo, i Ke - = < I pes ee EG 


RUGGED 85 °C, LOW ESR, 
COMPUTER-GRADE CAPACITORS 


INPUT FILTERING MEETS 
-FCCIVDE LEVEL A 


4 power levels — 45 to 125 watts 
19 models — 3 to 5 outputs 
Clean, low-cost, open-frame design | WUE 
Fully protected — adjustable current 4 
limit, built-in OVP and reverse voltage _ — _ oe 
protection _ _____ 250 power supplies! 
Full load burn-in and ee warranty _ Switchers and linears! _  - 
High peak current disk drive outputs iis __ Open frame and enclosed! / 
Closely regulated 3-terminal-type outputs — : capantiy: _ 
_ Extremely versatile output Ss A eds 
_ for tough applications __ 
Very gh value for er pureste dollar. | 
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We didn’t get to ; SIGNALS & NOISE 
be the best -. SIGNALS & NOISE 
by accident... 


forum for whatever comments read- 
ers have about the electronics indus- 
try. Readers are invited to send 
their “wouldn't rt be great if some- 
one would make...” letters to the 
Signals & Noise Editor, EDN, 275 
Washington St, Newton, MA 
02158.) 


HC- or AC-type logic 
solves ground bounce 
The problem of ground bounce in 
high-speed CMOS logic is primarily 
due to the speed of the logic driving 
capacitive lines. The inductance of 


id it by d 
di it / esign. the lead from the chip to the ground 


Surface Mounted Crystals from Statek. plane is becoming significant in how 


Manufactured in the United States (with SPC), our miniature | STATE it affects other outputs and perhaps 


quartz crystals range from 10 kHz to 32 MHz. These small ; 
crystals are in hermetically-sealed rugged ceramic packaging. inputs. One approach offered by 


Testing to MIL specs, other features include Saif loW | oTATEK CORPORATION some vendors is to offer similar 
Me consumption, low aging, resistance to high shock and | parts with different pinouts to re- 
igh temperature. 512 N. Main Street d (dude H 
It's no accident Statek crystals are specified by thousands of | Orange, CA 92668 uce this Inductance. However, 
engineers throughout the world! tobi ca re very few vendors and parts are 
CIRCLE NO 39 available. . 
The problem is exacerbated by 


INTEL the adherence to logic levels initi- 
ated in the days of TTL (before LS) 

FLASH MEMORIES and single-layer boards. An alterna- 
tive solution I have not seen in the 

KNOW YOUR TYPE trade literature is applicable to 
. | boards with GND and Vcc planes. 


Now, even when the power is off, your laser printer can remember The solution is to use HC-. or AC- 
type fonts. Cost-effectively. Only with an Intel Flash memory. type logic, which has a wide range 
Just call 800-548-4725 (Lit. Dept. 463). of parts, is easily interfaced, is often 

| | ; i not any problem, and has a much 

ate f wider noise margin and low logic 


, d Bu levels. Also, this logic family is bet- 
ald “ot - ter for producing logic signals from 
Me fos areotit analog waveforms—for example, 
ee oscillators and phase-locked loops— 
uae whe | da or doing other analog tricks. 
i | « | Frank W Bell 
‘2 = World Research Institute for 
: id of a Science and Technology 
ee | : head Long Island City, NY 


Kudos for the 
shirt-pocket DMM 

intel The Technology Update entitled 
“Inexpensive, shirt-pockect DMMs 


©1988 Intel Corporation . 
= CIRCLE NO 40 are smaller and handier than ever” 
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by Charles Small (EDN, June 9, 
1988, pg 77) struck home. I have 
had a Radio Shack Micronta 22-171 
shirt-pocket DMM for about a year 
now. 

The small size and autoranging 
keep the instrument handy for 
quick checks on lithium batteries, 
power supplies, and auto accesso- 
ries. The beep-continuity function 


.#21: counter = fleet: 
#22: valve = Ox4E; 
: last_value = @: 
#24: value = read Dit P3_2_bit);: 
: if ((value == 1) 1) (last_value 
if ‘cater == 1988) 
counter = 8; 
else 
counter++; 
138: last_value = value; 
W431: /* now restart process */ 


* sys command 


Sys ten=COMMAND 


Nohau’s EMUL51-PC 
emulator and trace board 


LL ae * * a 


@ Source Level Debug- 
ging for PL/M-51 and C-51 


tests RS-232C cabling quickly with- 
out my having to look at the meter. 

Although it lacks “sophisticated” 
features, the instrument’s simple 
controls, autoranging, and attached 
leads make this an extremely valu- 
able tool for a mere $25 investment. 
It is now a necessity in my attaché 
case, along with a calculator, small 
tools, an ARRL repeater directory, 


HAN 


make a sophisticated bug- 48 bits wide 16K deep 
hunting pair for your trace buffer WORLDWIDE CALL: 
8031/8051 projects. Plug w 2() MHz real-time Austria 02 22 38 76 38-0 
he EMULSLPC into lati Australia 02 654 1873 
the intoyour emulation _ | Benelux +31-1858-16133 
PC, XT, AT or compa- w Complete 8051 Family Denmark 026581 ll 
tible and find bugsthat support including ee 
th late n liferati hi Great Britain 014642586 
otner emulators Cant. proil era 10n C Ips Israel 03 499034 
Our powerful software w Available in either Korea 04 784 7841 
makes it a snap to use. “Plug-in” or “Box” a . peers 
° candinavia 
configurations Spain 03 217 2340 
Switzerland 01 740 41 05 


The EMULSI-PC comes with a 5-ft. cable, software and 1 year hard- 
ware warranty with free software updates. Trace board optional. 
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West Germany 0813116 87 


noHavu 


CORPORATION 


51 E. Campbell Ave. 
Campbell CA 95008 
(408) 866-1820 


and other essentials. 
Thank you for the great mee 
zine. 
Courtland G Sandberg 
Project Engineer 
ARMTEC Ind Inc 
Manchester, NH 


Singing the 

big-business blues 

Regarding the editorial “The serv- 
ice-economy myth” (EDN, Decem- 
ber 10, 1987, pg 53), this swipe at 
small business is unbecoming. I 
have suffered considerable eco- 
nomic indignity at the hands of one 
of the world’s largest manufactur- 
ing enterprises—GM. For the pe- 
riod of the warranty on one of its 
vehicles, it replaced fazled defective 
parts with known defective parts 
until the warranty expired. Then it 
became my problem. That is outside 
the intent of any honorably drawn 
warranty—and I was unable to hold 
the company accountable. As you 
may have guessed, the company did 
not steal away in the dead of night, 
it simply stonewalled it and refused 
to hear my complaint. 

So how does one hold a mega- 
monolith like GM accountable, tell 
me? 

Allen N Wollscheidt 
Columbus, IN 


WRITE IN 


Send your letters to the Signals and 
Noise Editor, 275 Washington St, 
Newton MA 02158. We welcome all 


comments, pro or con. All letters must 
be signed, but we will withhold your 
name upon request. We reserve the 
right to edit letters for space and 
Clarity. 
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Yes, finally! Precision in a small 
package. 


PMIs precision bipolar analog 
and CMOS converter product 
line is now offered in SMD. 
Write for our SMD brochure 
which lists the availability of 65 
devices in various surface 
mount packages. 


PMI precision SMDs are 
available in commercial and 
industrial temperature ranges. 
The surface mount offerings 


include SO, SOL, LCC, and PLCC 
versions. 


To get your SMD brochure, 


circle the reader service number 
or call .. . 1-800-843-1515. 


You'll also receive a free copy of 


our new 1988 Data Book! 


Precision Monolithics Inc. 


A Bourns Company 
Santa Clara, California, USA 
408-727-9222 
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MULTICHANNEL 
REHENSIVE 
NT SYSTEM. 


With its maximum 136 
acquisition channels, complete 
programmability, extensive on- 
board waveform processing 

. and unparalleled accuracy, the 
= 1 800 Se IS tne sual choice 


Extra! 


Front page protocols. 


Silicon solutions to the most popular 
communications protocols, offer 
simpler network designs. 


Whether youre designing networks to 
go around the world or across the room, 
Motorola has silicon solutions for the pro- 
tocols of choice. The most popular pro- 
tocols are implemented completely on-chip 
for simpler data communications designs 
and more universal markets, without 
burdening your host. 

Our M68000 Family offers three dif- 
ferent protocol controllers to handle your 
data communication needs. Built in our 
proven, low-power HCMOS technology, 
they offer the reliability you've come to 
expect and the advanced designs you 
demand. With the 68000 Family you can 
choose the right protocol to get your system 
designs on line quickly and economically. 


X.25 Protocol Controller 
CCITT X.25 LAPB. 


The MC68605 Protocol Controller (XPC) 
implements the 1984 CCITT Recommen- 
dation X.25 Link Access Procedure 
Balanced (LAPB) for U.S. and European T1 
applications. By generating link-level com- 
mands and responses, the XPC relieves the 
host processor of communication link 
managerial tasks. Its also fully certifiable 
as DDN, Telenet, Transpac, and others. 

Our XPC features an optional trans- 
parent mode which allows the implemen- 
tation of other HDLC-based protocols, 
with user generation of all frames. The XPC 
handles full-duplex synchronous serial 
data rates up to a maximum 10 Megabits 
Per Second (Mbps) for high-speed 


computer links. 


Multi-Link LAPD Controller 
CCITT Q.920/Q.921 LAPD. 


The MC68606 Multi-link LAPD 
(MLAPD) Protocol Controller fully imple- 
ments 1988 CCITT Recommendation 
Q.920/Q.921 Link Layer Access 
Procedure (LAPD) protocol for 
ISDN networks. The MLAPD 
is designed to handle both 
signalling and data links in 
high- performance primary 
rate applications. 


This VLSI device provides a 
cost-effective solution to 
ISDN link-level processing 
with simultaneous support 
for up to 8K logical 
links. 

To get a head start 
on your ‘606-based 
designs, use the 
M606ESD Eval- 
uation Support 
Package. This stand 
alone, MC68020-based 
development tool, 
includes both the hard- 
ware and software to get your 
LAPD designs running today. 


Token Bus local area connection. 


The MC68824 Token Bus Controller 
(TBC) is the only single-chip solution to 
implement the IEEE 802.4 Media Access 
Control (MAC), specified by Manufactur- 
ing Automation Protocol (MAP). The 
TBC also performs the receiver portion of 
IEEE 802.2 LLC (Logical Link Control) 
type 3 services on-chip to meet the real- 
time needs of MAP 3.0 in factory-floor 
communications. 

The TBC conforms to the IEEE 802.4G 
standard MAC to Physical layer serial 
interface to support broadband, carrier- 
band, fiber optic, and twisted pair 
networks. 
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Call me (___ 


~— 


To: Motorola Ltd., European Literature Centre, 88 Tanners Drive 
Blakelands, Milton Keynes MK14-5BP, United Kingdom 


Please send me more information on Motorola’ Data Communication Products. 


Completing Motorolas portfolio of 
LAN chips are their single-chip modems. 
The MC68194 Carrierband Modem 
(CBM) and the MC68184 Broadband 
Interface Controller (BIC), provide physi- 
cal layer solutions for MAP nodes. In 
proprietary networks, such as low-cost, 
deterministic LANs, the MC68185 
Twisted Pair Modem (TPM) implements 
a very inexpensive token bus node. 

Developing token bus networks is 
faster than ever with real-time assistance 
from the MC68KTBFA Token Bus Frame 
Analyzer Software. This cost-effective 
TBFA sells for about one-tenth the cost of 
existing token bus protocol analyzers. 


For more information. 


If youd like more information about any 
of Motorolas data communication products, 
contact your local Motorola sales office. 

For published technical data, just complete 
and return the coupon below. 


(AA) MOTOROLA 
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Because you’re 
thinking fast... 


you need responsive sup- 
pliers as well as fast parts. 
Comlinear is tuned in. With 
high quality, high-speed 
products. Assistance from 
R&D-level applications 
engineers to help develop 
your ideas quicker. Sales 
and distribution that get you 
what you need fast. Quality 


™ 400ps Fee 
rise time and Ee 
dBc distortion at 50MHz. 

Suddenly, the buffer gets 


mt restin ’ This is a buffer breakthrough! 
] e v. Comlinear introduces the CLC110 

Monolithic Buffer Amplifier for 
phenomenal speed and outstanding 
accuracy all in a single high- 
performance part. 

The CLCI10 features a closed- 
loop unity-gain design that’s so 
unique, it’s patented. This buffer 
is fast! The —3dB bandwidth is 
730MHz (0.5Vpp) and the settling 
time is a mere 5ns to 0.2%. And 
it’s accurate! With very low 2mV 
offset voltage, 20uV/°C drift and 
—60dBc distortion at SOMHz 
(2Vpp into 100Q)). 

The CLC110 is ideal for 
high-speed line driving and video 
distribution. It’s also a great 
choice for driving capacitive loads, 
especially in the newest 100 to 
200MSPS flash A/D converters; 
its fast 750ps group delay, 800V/ys 
slew rate and 400ps rise time make 
it excellent for op amp feedback 
loops as well. 

Try the CLC110 in your next 
design for both the speed and 
accuracy you need. Without 
compromise. 


Comlinear 
Corporation 


Solutions with speed 


4800 Wheaton Drive 
Fort Collins, Colorado 80525 
©1988 Comlinear Corporation (303) 226-0500 
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Panasonic® Oscilloscopes. 
Measuring instruments that think for themselves. 


If you’re in the market for a smart scope, 
take a close look at two brilliant performers 
from Panasonic. The 40 MS/s VP-5720A 
and the 100 MS/s VP-5741A digital oscillo- 
scopes share a penchant for hard work 
and the ability to do a lot of thinking on your 
behalf. 

They have the intelligence to run a 1,000 
step program and feature built-in math 
packs that make short work of even the 
longest calculations. And to help you see 
more of the good work they do, both models 
feature 7-inch CRTs that provide plenty 
of on-screen memory...up to 10K for the 
VP-5741A and up to 8K for the VP-5720A. 

Both scopes are also engineered to 
handle a wide scope of applications — like 
high-speed measurement and analysis of 
electronic components and equipment, 
machines, production line, mechatronics 
and for research. For added versatility, 
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each includes a standard GP-IB interfac 
as well as yes/no functions. 

Each scope also allows for 3 waveforms 
to be stored in memory. With an expansion 
option, you can store up to 20 and increase 
your programming ability from 10 programs 
to 45. And, in the analog mode the VP-5720A 
performs at 50 MHz, and the VP-5741A 
performs at 100 MHz. 

Best of all, the VP-5720A and VP-5741A 
back their brainpower with Panasonic qual- 
ity staying power. And they’re engineered 
to deliver solid, dependable service over 
a wide range of applications. So they're 
very smart. And very strong. 

For more information or a demonstration, 
contact your local Panasonic representa- 
tive or: Panasonic Factory Automation 
Company, Instrumentation Dept., 50 
Meadowlands Parkway, Secaucus, 

NJ 07094. (201) 392-4050. 


Panasonic. WN 


Factory Automation 
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CALENDAR 


Worst-Case Circuit Analysis 
(seminar), San Francisco, CA. De- 
sign and Evaluation, 1000 White 
Horse Rd, Suite 304, Voorhees, NJ 
08048. (609) 770-0800. October 17 
to 19. 


Troubleshooting Microprocessor- 
Based Equipment and Digital De- 
vices, Atlanta, GA. Micro Systems 
Institute, 73 Institute Rd, Garnett, 
KS 66032. (800) 247-5239; in KS, 
(913) 898-4695. October 18 to 21. 


Computer Graphics Invitational 
Computer Conference (ICC), Dal- 
las, TX. Suzanne Hubner, B J 
Johnson & Associates, 3151 Airway 
Ave, C-2, Costa Mesa, CA 92626. 
(714) 957-0171. October 20. 


OEM Peripheral Invitational 
Computer Conference (ICC), 
Bloomington, MN. Suzanne Hub- 
ner, BJ Johnson & Associates, 3151 
CIRCLE NO 47 Airway Ave, C-2, Costa Mesa, CA 
92626. (714) 957-0171. October 20. 


INTEL CASE Benchmarks: A Product 
MBEDDED CONTROLLERS $3rses Seay Het 
, MA. Digital Consulting Inc, 6 
DRAW FLIES Windsor St, Andover, MA 01810. 
© (508) 470-3870. October 24 to 26. 
Now your graphics engine can transform 80,000 vectors per 


second with a single chip. If it’s designed with a member Troubleshooting Microprocessor- 


of Intel’s 80960 family. Just call 800-548-4725 (Lit. Dept. 437). Based Equipment and Digital De- 
| vices, Atlanta, GA. Micro Systems 


Institute, 73 Institute Rd, Garnett, 
KS 66032. (800) 247-5239; in KS, 
(913) 898-4695. October 24 to 27. 


OEM Peripheral Invitational 
Computer Conference (ICC), 

Westlake Village, CA. Suzanne 
Hubner, B J Johnson & Associates, 
3151 Airway Ave, C-2, Costa Mesa, 
CA 92626. (714) 957-0171. Octo- 
ber 25. 


11th Annual Newport Conference 
on Fiberoptics Markets, Newport, 
RI. Kessler Marketing Intelligence, 
America’s Cup Ave at 31 Bridge St, 
Newport, RI 02840. (401) 849-6771. 


October 25 to 26. 
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THIRD-GENERATION INTERACTIVE 
CIRCUIT ANALYSIS. MORE POWER. 


MORE SPEED. LESS WORK. 


MICRO-CAP III,” the third generation 
of the top selling IBM® PC-based interac- 
tive CAE tool, adds even more accuracy, 
speed, and simplicity to circuit design and 
simulation. 

The program’s window-based opera- 
tion and schematic editor make circuit 
creation a breeze. And super-fast SPICE- 
like routines mean quick AC, DC, Fourier 
and transient analysis — right from 
schematics. You can combine simulations 
of digital and analog circuits via integrated 
switch models and macros. And, using 
stepped component values, rapidly gener- 
ate multiple plots to fine-tune your circuits. 

We've added routines for noise, impe- 
dance and conductance — even Monte 
Carlo routines for statistical analysis of 
production yield. Plus algebraic formula 
parsers for plotting almost any desired 
function. 
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Transient analysis 


Monte Carlo analysis 
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Modeling power leaps upward as 
well, to Gummel-Poon BJT and Level 3 
MOS— supported, of course, by a built-in 
Parameter Estimation Program and 
extended standard parts library. 

There’s support for Hercules? CGA, 
MCGA, EGA and VGA displays. Output for 
laser plotters and printers. And a lot more. 

The cost? Just $1495. Evaluation ver- 
sions are only $150. 

Naturally, you'll want to call or write for 
a free brochure and demo disk. 


1021 S. Wolfe Road, 
Sunnyvale, CA 94086 
(408) 738-4387 


MICRO-CAP III is a registered trademark of Spectrum Software. 
Hercules is a registered trademark of Hercules Computer Technology. 
IBM is a registered trademark of International Business Machines, Inc. 
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Our patented MiniZap ESD simulator 
will test your product's vulnerability 
. to electrostatic discharge. 


——— 


Two models starting at $3,290* 


Test to any popular ESD standard with your 
choice of discharge modules. 


Accurate, 
repeatable pulses 
to + 15 KV. 


One piece, rugged, portable, battery or AC 
operated for in-plant or routine field use. 


———— 


TRUE-ESD™ air discharge and 
FR/CI™ current injection modes 
meet existing and proposed 

IEC specs. 


For product and 
applications literature on 
surge and ESD hardening, 
Call (617) 658-0880. 


&> Keylek: 


KeyTek Instrument Corporation 
260 Fordham Road 
Wilmington, MA 01887 

Phone (617) 658-0880 

TELEX 951389 FAX (617) 657-4803 


*USA price list 
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INTEL 
FLASH MEMORIES 
HELP YOU SEE THE LIGHT. 


Now it’s easy to reprogram a traffic control system. 
Cost-effectively. Only with an Intel Flash memory. 
Just call 800-548-4725 (Lit. Dept. 463). 


eee 


-agaret 
aes 
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CALENDAR 


Unix Hands-on Workshop (short 
course), Boston, MA. Integrated 
Computer Systems, Box 3614, Cul- 
ver City, CA 90231. (800) 421-8166; 
in CA, (218) 417-8888. October 25 
to 28. 


11th Northeast Computer Faire, 
Boston, MA. The Interface Group, 
300 First Ave, Needham, MA 
02194. (617) 449-6600. October 27 
to 29. 


ICALEO ’88 (International Con- 
gress on Applications of Lasers 
and Electro-Optics), Santa Clara, 
CA. The Laser Applications Con- 
gress, 5151 Monroe St, Suite 102W, 
Toledo, OH 43623. (419) 882-8706. 
October 30 to November 4. 


Unix Expo (Unix Operating Sys- 
tem Exposition and Congress), 
New York, NY. National Exposi- 
tions, 15 W 39th St, New York, NY 
10018. (212) 391-9111. October 31 
to November 2. 


CASE for Data Modeling (semi- 
nar), New York, NY. Technology 
Transfer Institute, 741 Tenth St, 
Santa Monica, CA 90402. (213) 394- 
8305. November 2 to 4. 


1988 IEEE GaAs IC Symposium, 
Thousand Oaks, CA. John Selin, 
registration chairman, Raytheon 
Co, Equipment Div, MS E21, 430 
Boston Post Rd, Wayland, MA 
01778. (617) 440-5532. November 6 
to 9. 


GOMAC ’88 (Government Micro- 
circuits Applications Conference), 
Las Vegas, NV. Palisades Institute 
for Research Services, 201 Varick 
St, Rm 1140, New York, NY 10014. 
November 8 to 10. 


Electronica, Munich, West Ger- 
many. Kallman Associates, 5 Maple 
Ct, Ridgewood, NJ 07450. (201) 
652-7070. November 8 to 12. 
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ANALOG 
DEVICES 


FEATURES 
Very High de Precision 
15nV max Offset Voltage 
0.1pV/°C max Offset Voltage Drift 
0.35,V p-p max Voltage Noise (0.7Hz to 10Hz) 
8V/pV min Open-Loop Gain 
0.32nV/V max CMRR 
1pV/V max PSRR 
1nA max Input Bias Current 
1inA max Input Offset Current 
Dual Version Available: AD708 


PRODUCT DESCRIPTION APPLICATION HIGHLIGHTS 

The AD707 is a low cost, high precision op amp with state-of-the. 1. The AD707’s 13V/pV typical open-loop gain and 0.1p. V/V 
art performance that makes it ideal for a wide range of precision typical common-mode rejection ratio make it ideal for precision 
applications. The offset voltage spec of less than 15pV is out- instrumentation applications. 

standing for a bipolar op amp, as is the 1.0nA maximum input ti af : erior 

offset current. The top grade is the first bipolar monolithic op . sk eat ake pane srg a re Sndeett 


amp to offer a maximum offset voltage drift of O.1lpV/C, and 


offset current drift and input bias current drift are both specified 3+ The low offset voltage drift and low noise of the AD707 


at 25pA/°C maximum, allow the designer to amplify very small signals without 

The AD707’s open-loop gain is 8V/pV minimum over the full ATE ONE syerens PET AENere: 

+ 10V output range when driving a 1k load. Maximum input 4. The AD707 can be used where chopper amplifiers are required, 
voltage noise is 350nV p-p (0.1 Hz to 10Hz), CMRR and PSRR but without the inherent noise and application problems. 

are 130dB and 120dB minimum respectively. 5, The AD707 is an improved pin-for-pin replacement for the 
The AD707 is available in versions specified over commercial, OP-07, OP-77 and the LT 1001. 


industrial and military temperature ranges. It is offered in 8-pin 
plastic mini-DIP, small outline, hermetic cerdip and hermetic 
TO-99 metal can packages. Chips and Mil Standard/883 parts 
are also available. 


dc precision op amp. 


signals without sacrificing system performance. 


The AD707 also provides an open-loop gain of 
13V/V, the highest of any precision op amp, and 


15.V max Offset Voltage 
Ultralow Drift Op Amp 


If your analog applications demand 
precision performance, then you should 
demand our new AD707 —the world’s best 


—_— The AD707 is the first bipolar mono- 
lithic to offer a maximum offset voltage drift of only 
0.1nV/°C, and 15.V maximum offset voltage. These 
features, combined with its ultralow 0.35y.V p-p voltage 
noise, allow the AD707 to amplify extremely small 


AD707 


V5 


unsurpassed 140dB CMRR and PSRR. Soit’s 
ideal for a wide range of precision applications, 
including instrumentation and automatic test 
equipment. 

All this precision makes it easy for you to work 
within tight error budgets. And because the AD707 is 
available at a low cost, you can easily work within your 


design budget, too. 

For an even more accurate description of what 
the AD707 can do for you, 
call your nearest Analog ANALOG 
Devices sales office. DEVICES 


Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106; Headquarters: (617) 329-4700; California: (714) 641-9391, (619) 268-4621, (408) 559-2037; 
Colorado: (719) 590-9952; Maryland: (301) 992-1994; Ohio: (614) 764-8795; Pennsylvania: (215) 643-7790; Texas: (214) 231-5094; Washington: (206) 251-9550; Austria: (222) 885504; 
Belgium: (3) 237 1672; Denmark: (2) 845800; France: (1) 4687-34-11; Holland: (1620) 81500; Israel: (052) 911415; Italy: (2) 6883831, (2) 6883832, (2) 6883833; Japan: (3) 263-6826; 
Sweden: (8) 282740; Switzerland: (22) 3157 60; United Kingdom: (932) 232222; West Germany: (89) 570050 
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Argentina 

BUENOS AIRES 
(Ol) 541 - 7141 to 7747. 
Australia 
ARTARMON 
(02)439 3322, 
Austria 
WIEN 
(0222) 60 101-820. 
Belgium 
BRUXELLES 

(02) 5256111. 

Brazil 

SAO PAULO | 

(O11) 211-2600. 
Chile 

SANTIAGO 

(02) 7738.16. 
Colombia 

BOGOTA (01) 249 76 24. 
Denmark 
COPENHAGEN 

(01) 541733. 

Finland 

HELSINKL 

09 +358-0-50 261. 
France 
ISSY-LES-MOULINEAUXK 
{01) 4093 8000. 
Germany 

HAMBURG 

{040} 3296-0. 

Greece 

TAVROS 

(Ol) 48 94339/48 94 911. 
Hong Kong 

KWAI CHUNG 

(0}-245) 21. 

india 

BOMBAY 


(022) 493031 1/49 30590. 


Ireland 
DUBLIN 

{01} 693355. 
Italy — 
MILANO 

(02) 6752 1. 
Japan 
SIGNETICS 
TOKYO 

(03) 230-1521. 
Korea 
SEOUL 

(02) 794-5011. 
Malaysia 
PULAU PINANG 
(04) 870044. 
Mexico 
TOLUCA 

(721) 613-00. 
Netherlands 
EINDHOVEN 
(040} 783749. 
New Zealand 
AUCKLAND 
(09) 605-914. 


{02} 680200. 
Pakistan 
KARACHI-3 
(021) 7257 72. 
Peru 

LIMA 

(014) 707086. 
Philippines 
MAKATI RIZAL 
(02) 86895! to 59. 
Portugal 
LISBOA 

(019) 68 33 21. 
Singapore 
SINGAPORE 
3502 000, 
Spain 
BARGELONA 
(03) 301 63 12. 
Sweden 
STOCKHOLM 
{08} 7821 O00. 
Switzerland 
ZURICH 

(01) 48822 11. 
Taiwan 
TAIPEL 

{02} 71 20500. 
Thailand 
BANGKOK 

(02) 233-6330-9. 
Turkey 
ISTANBUL 

(OI) 143 59 10. 
United Kingdom 
LONDON 

{G1} 5806633. 
United States 
HICKSVILLE 
(516) 931-6206. 
United States 
SIGNETICS 
CORPORATION 
SUNNYVALE 
(408) 991-2000. 
Uruguay 
MONTEVIDEO 
(02) 985395. 
Venezuela 
CARACAS 

(02) 2393931. 
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= from Philips. 
w _ It’s logical. 


Using advances in fabrication technology, moving from six 
Sy to three to one micron effective gate lengths, Philips CMOS logic 
4 ee Now Operates at speeds offered by the most advanced bipolar 
y al families, yet with all CMOS benefits. 


That’s Advanced CMOS Logic (ACL) from Philips. With an 
average gate propagation delay of 3 ns (150 MHz operation ) and 
24 mA output sink/source capability, Philips ACL allows design- 
ers to implement CMOS benefits across the whole speed spec- 
trum of logic circuitry. 


New pinning for a new technology. 


Traditional IC pinouts, with supply pins at diagonally oppo- 
site corners, are a remnant from the days of single-sided print 
boards. They are inherently unsuitable for Advanced CMOS 
Logic, producing supply and ground noise resulting in reduc- 
tion of system noise margins, loss of stored data and lower sys- 
tem speed. Philips ACL has multiple supply pins at the centre of 
each side of the package, the input pins on one side of the pack- 
age, the output pins on the other side and control pins at the 


Comers. 


The result is improved system reliability, simplified design 
and reduced board area. 

All Philips ACL ICs (74 AC/ACT 11XXX family ) are available 
not only in 300 mil wide DIL packages but also in SO packages, 
sO you can use surface mounting techniques to increase pcb 
packing density even further. 


If youd like full information on this important logic devel- 
opment, just contact your nearest Philips office. 


For Advanced CMOS Logic, the name is Philips. 


Philips Components, Marketing Communications, Building BA, P.O. Box 218, 
5600 MD Eindhoven, The Netherlands. Telex: 35000 phtc nl/nl jevme 


LSS 


SS 


PHILIPS 


PHILIPS 
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Only HP can put real teeth into faste 


Test development and execution 
speed. We know they’re your top pri- 
orities. HP BASIC,* combined with our 
range of controllers and instrumenta- 
tion, is the answer. Even if you're 
running on MS™DOS or the UNIX™ 
operating system. And of course, it’s all 
backed by HP's measurement expertise, 
and the product reliability you've come 
to count on from an industry leader. 


HP BASIC: Optimized 
for instrument control. 


It's no secret that a critical element 
of automated instrument control is 
fast development time. That's where 
HP BASIC really shines. With power, 
versatility and ease of use. We invite 
you to find a better instrument control 
language. 

A few examples: 

@ Fast program development with 
interactive editing, syntax checking 
and the ability to search and replace 
* Sometimes called Rocky Mountain BASIC or BASIC 5.0. 
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strings, or move blocks of code easily. 
@ Optimized for I/O with advanced 
constructs to simplify otherwise com- 
plex tasks. Interrupts, high speed data 
transfers, automatic data formatting 
and branching on events can all be 
handled easily. Since HP BASIC was 
designed for instrument control, these 
capabilities are integral, not tacked on 
as an afterthought. 

@ Structured programming lets you 
make your program modular with 
independent subprograms which 

can be re-used in other applications. 
Constructs like CASE statements, 
IF-THEN-ELSE, WHILE, REPEAT- 
UNTIL and LOOP are useful for rapid 
program development and invaluable 
for program maintenance. 

@ Powerful computation lets you take 
advantage of a full range of matrix 
manipulations such as multiplica- 
tion, inversion and scalar operations. 
HP's complex number implementa- 


tion allows for powerful arithmetic 
operations. 

@ Graphic capabilities are simple to 
program, yet powerful. One program 
statement can draw axes or grids, a 
second will plot your data, a third will 
label your plot and a fourth will provide 
a permanent copy. 


HP Controllers: The right 
horsepower for the job. 


Hewlett-Packard provides a wide 
range of instrument controllers and 
operating systems to meet your per- 
formance needs, allowing you to 
choose the most cost effective control- 
ler for your job. 

Just look: 

@ Personal computers; the HP BASIC 
Language Processor allows you to use 
HP BASIC on the world’s most preva- 
lent operating system, MS DOS. It's 
available for the HP VECTRA or the 
IBM PC-AT. 
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git iis, 


ost development. 


™ Dedicated controllers up to 4 MIPS, Trim more time: 
HP's Series 300 controllers provide a . 
dedicated, high performance system Deal with the ai 
for maximum I/O throughput. Our sales, service and support 


@ HP-UX workstations. HP BASIC will team can get your test up and running 
also be when time is of the essence. With over 
seamen a paliaets Ee eee: 


HP is the recog- 
nized industry 
leader in test and 
measurement. 
Call HP for 
a free video. 
1-800-752-0900, 
: Dept 215R 

300 HP-UX environment. Our imple- Ask for our free videotape 

mentation combines the ease-of-use on HP BASIC or a brochure on HP 

and performance of HP BASIC with instrument controllers. Learn how 

the full networking, multitasking and Hewlett-Packard can help you cut test 

windowing capabilities of the UNIX development time significantly. 

operating system. 

No matter the controller demand, 
HP makes it in the optimum package. © 1988 Hewlett-Packard Co. EI 15814/EDN 


EDN October 13, 1988 CIRCLE NO 23 


hp 


HEWLETT 
PACKARD 


51 


MICRO POWER SYSTEMS 


CONVERT WITHOUT 
MIsSINGs A CODE 


\ \ / ith Micro Power Systems’ 
MP574A monolithic A/D 
converter, you get full use of 12-bits— 
for all grades—for highly accurate 
conversions. It stands on its own asa 


full A to D functional block or it may 
be interfaced with a microprocessor. 
Our MP574A converter has 25ys 
guaranteed conversion time for faster 
throughput. It also has the linear 


T’'TL—Improves noise immunity 


10V, 5MA Reference Output— 


Easier to use as a system reference 


200 ns Bus Access Time — Works 
with faster microprocessors 


performance 
and low power 
consumption 
of Bi-CMOS 
technology, No Onchip Clock, Reference — Requires 
special selection | 
no external components for most 
is needed for applications 
+12V to +15 
VDC aipely 3-State Output Buffer — For direct 
Differential Non-Linearityiis less than operation. Con- interface with 8- or 16-bit micro- 
~ 0.5 LSB over an analog foie of venient, off- processor bus 


0 to 10V, assuring no missing codes. 


the- shelf avail- 
ability is also a plus. And Micro Power 
provides added values like application 
assistance and free, on-site, technical 
seminars. 


Additional features include: 
Digital I/O Interfaces are True 


SEE US AT ELECTRONICA BOOTH 19B13 


Don't miss out on full 12-bit 
performance. For A/D converters 


with the best cost performance, call 


Micro Power Systems’ Hotline, 
(408) 562-3615; 315] Jay St., 

Santa Clara, CA 95054. a 
And ask about our 
technical seminars. 


MM 


MICRO POWER SYSTEMS 
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EDITORIAL 


Let’s make it English 


Jesse H Neal 

Editorial Achievement Awards 
1987, 1981 (2), 1978 (2), 

1977, 1976, 1975 


American Society of 
Business Press Editors Award 
1988, 1983, 1981 
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Last year, Senator Steve Symms of Idaho introduced a bill to amend the 
Constitution so that English would be the official language of the US (8 
J Res 13). The bill didn’t pass, but it will undoubtedly be reintroduced 
when Congress convenes in ’89. It deserves our support. Years ago, Eing- 
lish was the only language commonly used in schools and businesses. 
Thus many immigrants were forced to learn a new tongue before they 
could enter the melting pot of American society. In this way, using 
a single language helped unite the people of the United States 
rather than keep them linguistically isolated in separate 
communities. . 

Unfortunately, we now face demands by Hispanic groups that we recog- 
nize the US as a bilingual and bicultural country. However, according to 
former Secretary of Education William Bennett, after 17 years of federal 


involvement and a $1.7 billion investment in bilingual education, there’s 


no evidence that children have benefited. 

Canada provides an example of how bi- or multilingualism can affect a 
country. (Keep in mind, though, that Canada started nationhood as a 
country already deeply divided into English- and French-based cultures, 
so its situation isn’t exactly parallel to the US’s.) Today, Canadians may 
communicate in either French or English; both are official languages. But 
bilingualism extracts a price. Communities—even those that speak only 
one language—must translate old laws, rules, and regulations so that 
English and French versions are available. Likewise, new official business 
must take place in both languages, and schools must be available for 
instruction in both English and French. Now, other nationalities in Canada 
want the same treatment; they are pressuring national and provincial 
governments for schools that teach in other languages. Such moves further 
divide a country and keep groups separated. 

The Soviet Union provides an example of another kind. In an attempt 
to homogenize its republics, the Communists dictated that Russian would 
be the only official language in the USSR. However, the movement to 
one language was also an attempt to destroy republican customs and 
identities—a move that continues to stir ethnic unrest. 

Adopting an official language in the US doesn’t mean destroying ethnic 
groups or cultures. We must recognize our diversity and respect others’ 
heritages and cultures. Certainly people can speak any language they 
wish, and they can use it on radio programs and in newspapers and 
magazines. But when it comes to education programs, ballots, law books, 
documents, manuals, data books, and other commercial and official papers, 
spoken and written English should be our official language. 


re 


Jon Titus 
Editor 
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HP humbly introduces 
he highest performance 
multimeter in the world. 
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100,000 readings per second and Cal Lab accuracy. 


Lots of people claim they have the best a measurement and output to the bus 

multimeter, but we're just going to let the 200 to 300 times per second. 

specs do the talking. You'll see we’ve created ¢ Calibration standard accuracy and 

a multimeter that doesn't present you with 8¥2 digits. 

a bunch of trade-offs—you can have speedand To get complete technical specifications | 
accuracy. before you order an HP 3458A DMM for your | 


* 100,000 readings per second at 4% digit system, contact your local HP sales office. 
resolution. If you need 5¥2 digit resolution, 


you ll get it at 50,000 readings per second. | 
e Remarkable throughput rate— change (yy HEWLETT 
a function and change a range, take © 1988 Hewlett-Packard Co. 0901707/EDN PACKARD 
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National 
Semiconductor 


In the time it takes other 
graphics engines to draw a few lines... 


56 


Hitachi HD63484 (20%) Intel 82786 (25%) 


GeoCad perspective drawing courtesy of Rudolph Horowitz and Associates, Architects 
Simulated performance based on maximum patterned line-drawing rates in an eight-bit color system with a resolution of 1024 by 768. 
Of course, performance ultimately depends on system elements like memory speed. 


EDN October 13, 1988 


ours gives you the whole picture. 


THE FIRST FULLY 
PROGRAMMABLE 
GRAPHICS PROCESSOR 
WITH ON-CHIP 
ACCELERATION 


You can have the fast- 
est calculations in the 
world but if your system's 
graphics are slow, your 
system is slow. National's 
latest addition to its 
Advanced Graphics Chip 
Set — the DP8500 Raster 
Graphics Processor (RGP ) 
—is the fastest graphics 
engine on the market. 

This 20-Mhz CMOS chip fea- 
tures a bus cycle time of 100 nano- 
seconds on back-to-back vector 
and block operations. 

It gives you blazing speed in 
line drawing, BitBIT, fills, poly- 
gons, character drawing, and 
windowing — regardless of the 
number of bit planes. It also 
controls screen refresh. 


COMPLETE FLEXIBILITY 


The RGP gives you the program- 


mability of a general-purpose 
processor, SO you can optimize 
your system for specific appli- 
cations. Or differentiate it from 


your competitors through proprie- 


tary algorithms. 
The RGP with our DP8511 BitBIT 
processing unit, is also the only 


©1988 National Semiconductor Corporation 


Advanced 
Peripherals 
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National DP8500 Raster Graphics Processor 


graphics solution that effectively 
allows you to select either planar- 


_ or pixel-oriented operation on- 


the-fly: So you no longer have to 
lock yourself into one architecture 
or the other. 

The RGP handles the very 
highest-resolution CRTs and print- 
ers, including laser printers. And it 
supports any type of memory. 

It also gives you the right 
“hooks” and the right architecture 
for moving into 3D and solids 
modeling applications. 


A COMPLETE SET OF CHIPS 


Our Advanced Graphics Chip 
Set also includes | 
¢ two BitBIT processing units 
¢ four video clock generators 


~ ¢ four video shift registers 


e three video RAM controllers 
¢ a growing list of video DACs 
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They're all part of 
National’s unique modu- 
lar approach — the only 
approach that addresses 
the complete graphics 
pipeline. And the only 
one with the performance 
and flexibility you need 
to carry you into the 1990s. 


COMPLETE 
SUPPORT 


We offer a wide range 
of software tools — includ- 
ing assembler, debugger, 
librarian, linker, software 
utilities, graphics kernel packages, 
and aC compiler package. 

Nova Graphics International is 
providing full support for graphics 
software standards, including 
GKS and CGI. 

Check it all out for yourself with 
the DP850EB demo/evaluation 
board for only $1495. Buy the 
board and we'll include a coupon 
good for ten free RGPs on your 
first order of 100 or more. 

To order today, call National 
Semiconductor at (408) 721-5404. 
Or for a copy of our system-level 
comparison brochure, circle the 
reader service number. 


National 
Semiconductor 
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Satisfy everyone with Toko’s new ultra-compact 
universal input switchers. 


ry us for size! Toko’s new MOSFET AC 
INPUT | RATED # INCHES 
VOLTAGE |POWER |OUTPUTS| H L W 


Power supplies are the smallest 
switchers in their class— with power 
MK / 85-132 /150W] 1 [38 67 24) two-year warranty backs our commit- 
mento high performance. 


densities to 2.45 watts per cubic inch and 

15, 30 and 50-watt models that stand a 

Perea: More power and less space...at the right 
MW | 85-132/| 50W 3 1.0 6.1 3.7] price. You really can satisfy everyone with 

without sacrificing power. Utilizing our Toko’s new switchers. For complete details, 

broad experience in inductor tech- 

nology, we engineered these new e Universal 85-264V. Input on MW15 and 30 


contact Toko America, 1250 Feehanville 
pipeipiege: Drive, Mt. Prospect, IL 60056 

power supplies with MOSFET switching ¢ 80% Efficiency 

circuits and switching frequencies over  °FCC Class B 


Best of all, Toko offers these power sup- 
plies at prices so low that they compete 
with larger, conventional supplies. Our 


Toko satisfies your need for smaller size 


(312) 297-0070, FAX (GIll): (342) 699-7864 


4OOkKHz. ~ e Designed to Meet UL & CSA > 
¢ Thin, Eurocard, Flex Power Method ove 
Additionally, our state-of-the-art “wireless” “Jumper selectable. ~~ 
copper thin film transformer design helps 
achieve lower switching noise, greater TOKO AMERICA, | NC. 
efficiency, and eliminates the chances yn 


Your strategic partner... 
of an open winding or a short. fo | ~~ gIC p 


— for all the right reasons. 
To ensure reliability, loko features 


105°C electrolytic capacitorsand _» ~ 7 
20% derating of all ve # | 7 
components. W he — Toko’s MWSO, stands only 1” high. It’s 85% smaller 


in total volume than Computer Products PHB-719. 
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Test and measurement software offers 
more than just another pretty interface 


J D Mosley, Regional Editor 


Vendors of test and measurement 
software are offering increasingly 
sophisticated user interfaces for 
their products as they strive to 


make more instruments that are 


both adaptable to computers and 
easy for test engineers to use. And 
in spite of the fact that some purists 
still insist that color graphics be- 
longs in video games and not in seri- 
ous engineering applications, it 
seems that color, at least for test 
and measurement software, is here 
to stay. Sophisticated options like 
color graphics don’t necessarily 
make things more complicated—in 
fact, they can make instruments 
easier to use. But there can be a 
major tradeoff between perform- 
ance and pretty pictures. Of course, 
given a powerful enough system 
and the right software, you can 
have it all. 

While most instruments cur- 
rently maintain the stand-alone op- 
tion, others forgo hardware alto- 
gether, creating instruments that 
are purely software. In either case, 
the convenience of central control 
over several instruments at once is 
generally acknowledged, for such 
simplified control can significantly 
streamline your test and measure- 
ment tasks. 


Performance isn’t glamorous 

One vendor who’s opted for high 
performance and a more pedestrian 
interface is Test Systems Strate- 
gies, who uses an almost Spartan 
user interface for its Test Develop- 
ment Series (TDS) software. This 
program provides an automatic, 
rule-based interface between a de- 
sign database and the test equip- 
ment by integrating VLSI chip de- 
sign with test software. 
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You can work with a waveform instead of just numbers if you use the Dadisp signal- 
analysis software from DSP Development Corp. The package also has a windowing 


capability. 


TDS consists of three integrated 
programs: TDS Shell (the user in- 
terface), a CAE converter for simu- 
lator data input, and a Test Re- 
source Allocation Manager for ana- 
lyzing a design’s testability. You 
can buy a fourth program, Pattern 
Bridge (P-Bridge), for reconstruct- 
ing simulation waveforms and syn- 
thesizing functional test programs 
for the target equipment. TDS 
costs $15,000; P-Bridge starts at 
$16,000. In addition, a rules checker 
is available for $17,000. 

The TDS Shell interprets a de- 
signer’s or a test engineer’s com- 
mand and invokes one or more TDS 
programs that are associated with 
either a test instrument or a CAE 
logic simulator. You supply the pro- 
gram with the names of the CAE 
and ATE tools; the software then 
automatically develops the pro- 
gramming that links the two tools 
most effectively. And although the 


screen output is no more exciting 
than an oscilloscope’s waveforms or 
the text of an error report, the in- 
formation is concise and, for those 
accustomed to oscilloscope output, 
it’s easy to understand. The pro- 
grams run on an Apollo, Sun, or 
VAX host. 

Integrated Measurement Sys- 
tems’ Characterization and Timing 
Analysis (CTA) software also 
makes chip testing more user- 
friendly without resorting to a 
graphics user interface. The CTA 
software has menu-driven routines 
for making ac and de measurements 
of prototype devices and for plot- 
ting test results. You can use the 
package to measure the propaga- 
tion delay, or to plot the interaction 
of any two device variables. 

The CTA software collects the re- 
sults of any Logic Master verifica- 
tion system and compiles those 
measurements in a spreadsheet for- 
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Microprocessor 
support Made Simple 


N ow, ZAX simplifies 
microprocessor design, 
integration and testing with their 
advanced line of ERX- and ICD- 
series emulators. You simply tell us 
the processor that drives your 
design and we tailor a development 
system especially for your environ- 


ment, including full software support. 


Our ERX-series emulators 
provide over 80 debugging 
commands, with 256,000 hardware 
breakpoints, real-time performance 
analysis, high-level language debug 
and trace analysis of program 
execution while you emulate in 
real-time. And they interface 
directly to your personal computer 
(AT-class) to provide you with a 
complete host development station 
and emulation manager. This 
consolidated approach utilizes 
industry-standard equipment and 
eliminates the use of a proprietary 
dedicated chassis. 


ZAX established the benchmark 
for standalone emulation tools 
when they introduced their versatile 
line of ICD-series emulators. 
Completely flexible, ICD-series 
emulators can be interfaced to 
either a simple terminal or host 


computer (from pc to mainframe) 


depending on your requirements. 
This makes them ideal for both 
in-house development and on-site 
testing. 


Simplify support for your 
microprocessor development 
projects with the help of ZAX! Call 
today to arrange a product demon- 
stration or write for complete details 
about our product line. Call us 
TOLL FREE at 800-421-0982 
(in California phone 800-233-9817) 
or write to ZAX CORPORATION, 
2072 White Road, Irvine, CA 92714. 

In Europe, call United Kingdom: 
0628 476 741, West Germany: 
02162-3798-0, France: (03) 956- 
8142, Italy: (02) 688-2141. 
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mat. (CTA is based on Lotus 1-2-8, 
so its plots, graphs, and data 
screens are familiar to anyone who 
uses spreadsheets.) If you want to 


create custom analysis routines, 
you can tap more than 30 prepro- 


grammed CTA functions to define 
your device and to create a data 
sheet with annotated graphs, ta- 
bles, and charts. The CTA also lets 
you order the tests in a sequence 
to develop automated-test pro- 
grams. Prices for the PC-based 
package start at $3000. 

Another test and measurement 
tool that uses the spreadsheet for- 
mat is DSP Development Corp’s 
Dadisp. This package has its own 
windowing capability and combines 
more than 150 functions for display- 
ing and analyzing waveforms. It dif- 
fers from other packages because 
it lets you work with waveform data 
in graphics windows and later con- 
vert the images to numbers, rather 
than forcing you to start with nu- 
merical values. 

Dadisp provides data-processing 
functions such as signal editing, 
waveform generation, Fourier 
analysis, and peak finding, as well 
as real and complex signal arithme- 
tic and calculus. You can define 
macros and then use them to tailor 
any of the functions. You can also 
create individual signal-processing 
steps by typing a formula into a 
Dadisp window. An optional soft- 
ware module called Dadisp-488 lets 
you add the IEEE-488 commands 
to your Dadisp worksheet, so that 
you can control and transfer data 
from IKEE-488 instruments. 

Available for use with Sun work- 
stations, the HP 9000 Series 300, 
Masscomp, the MicroVAX II, the 
VAX 2000, and IBM PCs, Dadisp 
ranges in price from $795 to $4995, 
depending on the host computer. 
Dadisp-488 sells for $195. | 

Developed by Lotus, who then 
sold the rights to National Instru- 
ments, Lotus Measure is a package 
you can run on your PC to take 
readings from [EEE-488 and Rs- 
232C instruments. You can then put 
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A comparison of the black and white screen of Labview Version 1.0 with the color screen 
of version 2.0 highlights the enhancements of the later version. Version 2.0 also offers 
compiled run times that are 10 times faster than previous versions could muster. 


the results into a spreadsheet for- 
mat. The package costs $495. 


Software makes the difference 
More and more, engineers are 
choosing their hardware based on 
the quality of available software. 
So, rather than continue to leave 
the programming aspects of test 
and measurement to third-party 
vendors, instrument manufacturers 
are now providing hardware and 


software accessories to make their 
units fully adaptable to computers. 
Fluke, for example, sells a $2200 
Helios-I Computer Front End and 
a $295 Helios Toolbox library of Ba- 
sic subroutines. If you still want to 
know what’s available in third- 
party software, the company also 
offers a Helios-I software guide. 
Keithley has adopted a similar 
approach. Better known for its 
hardware than for its software in- 
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terfaces, Keithley does acknowl- 
edge that today’s test engineer de- 
mands extensive software support 
and that instrument manufacturers 
can no longer simply sell hardware 
without such support. The com- 
pany’s Package 82 Simultaneous 
CV System is a device that can 
make simultaneous high-frequency 
(100-kHz or 1-MHz) and quasistatic 
capacitance-voltage (CV) measure- 
ments in a semiconductor sample, 
thus providing greater measure- 
ment accuracy and requiring less 
time than separate voltage sweeps. 
The unit comes with menu-driven, 
DOS-compatible software that lets 
you correct for system leakages and 
cabling effects, find the oxide ca- 
pacitance and settling time, make 
CV measurements, and analyze the 
CV data. 

You select the right analytical 
routine and set parameters from 
menus; the package then generates 
the appropriate graphs. You also 
have access to the program’s source 
code, so you can modify it to suit 
your existing routines or to add new 
routines. And the Package 82 inter- 
face makes it easier to configure 
your system if you already use an 
HP controller. This hardware-soft- 
ware combination costs $19,995. 


Waveform graphics 

Keithley also offers a program 
called Soft500 that you can use with 
any of the company’s data-acquisi- 
tion mainframes. Although its 
graphics are limited to waveforms, 
the program outperforms its pret- 
tier competitors by taking 50,000 
samples per second with a 16-bit 
resolution across as many as 32 
channels. Soft500 Version 6.0 lets 
you configure your data-acquisition 
system with one command. A cali- 
bration feature offers sequential 
calibration for multiple instrument 
cards. If you have an old version 
of Soft500, you can trade it in and 
get version 6.0 for $100. The pro- 
gram is free if you purchase a Keith- 
ley hardware system or one of its 
AMM2 analog measurement cards. 
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Although its output display is rather plain, Keithley Instruments’ Soft500 Version 6.0 
software outperforms its prettier competitors with data-acquisition speeds of 50,000 samples/ 
sec and a 16-bit resolution for as many as 32 channels. 


Gould’s Test and Measurement 
Recording Systems Division is also 
making its instruments computer- 
adaptable by giving you the option 
of plugging into a computer via an 
IEEE-488 or an RS-282C port. For 
a PC host, the interface is Microsoft 
Windows; for a front-panel control- 
ler, it’s a similar graphics interface 
that becomes an integral part of the 
controller. 

Gould’s 5300 Series Programma- 
ble Waveform Recording System, 
for instance, lets you monitor eight 
analog and eight event data chan- 
nels at 1M sample/sec/channel with 
12-bit resolution. You can use a host 
computer to program the 5300 via 
its RS-232C or IEEE-488 port. Or 
you may order an optional Intelli- 
gent Front Panel (IFP) with an 
electroluminescent screen that 
comes with menu-driven software 
for system setup and waveform dis- 
play. The IFP attaches to the front 
of any 5300 chassis and has a dedi- 
cated bus for controlling as many 
as eight 5300 units. 


Define parameters to capture 
Using a tool called the Event 
Manager, you can define the par- 
ticular type of data you wish to cap- 
ture (eg, spikes); thereafter you re- 


ceive only that captured parameter 
instead of whole waveforms. The 
Event Manager has a 21-input, 
dual-trigger tree system that uses 
logical AND and OR functions to 
discriminate among more than 
500,000 transient events. 

Another software tool called the 
Memory Manager lets you optimize 
the 5300’s use of memory. You can 
define the channel depth of its mem- 
ory from 256 to more than 2 million 
samples per acquisition in incre- 
ments of 256 samples. The 68000- 
based 5300 has two independent 
clock functions; you use the unit’s 
10-MHz master clock to program 
the two clock functions in 100-nsec 
increments. 

For a more sophisticated user in- 
terface, you may want to purchase 
the ACQ5300 software. It simplifies 
the system setup and data acquisi- 
tion with interactive, pop-up pan- 
els. This program also lets you edit 
all the text, the prompts, the help 
messages, and the colors; you can 
also develop and run macros for 
automatic configuration or for que- 
rying a system operator. ACQ5300 
runs on the IBM PC/AT and sells 
for $1200. Pricing for the 5300 be- 
gins at $15,000. 

Even more fascinating than soft- 
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Access to the Right Technology | 


Whatever your application, Raytheon 
can open the door to the appropriate 
ASIC technology. With over 14 years’ 
experience in semicustom design, 
Raytheon offers you many choices— 
CMOS, low power ECL and digital 
bipolar, as well as linear arrays. 


CL] CMOS arrays: Raytheon’s low- 
power CMOS arrays to 20,440 gates 
have a 1.0 wm effective channel length 
and rad hard capability. Both our 
VHSIC-approved and standard families 
have the lowest power consumption in 
the industry. The 2 1m RL7000 array 

is asecond source for LSI’s LL7000 
series. Standard cell solutions are 

also available. 


Raytheon offers you choices 


L] Low-power ECL arrays: The ECL 
products available from Raytheon have 
densities comparable to 1.5 wm CMOS 
arrays and I/Os compatible with ECL, 
TTL (10K or 100K), and CMOS. These 
ECL arrays also deliver the industry’s 
lowest power dissipation per gate. Their 
superior speed/power performance— 
<0.1pJ—provides the ASIC designer 
with state-of-the-art semicustom 
capabilities. 


_] Digital bipolar arrays: Our many 
years of experience in ISL array 
design and production give Raytheon 
a solid foundation for expanding 
ASIC technology. 


(] Linear arrays: Raytheon’s bipolar 
macrocell arrays with 8, 12 or 15 gain 
blocks and FET input arrays with 4 or 
12 gain blocks utilize precision thin-film 
resistors. They can be configured into a 
variety of analog functions, including 
voltage references, switches, 
comparators, op amps, and VFCs. 


Let Raytheon open the door to a world 
of ASIC choices, with our proven track 
record in multiple ASIC technologies. 


Raytheon Company 
Semiconductor Division 

350 Ellis Street 

Mountain View, CA 94039-7016 
(415) 966-7716 
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ware-driven instruments is the idea 
of software-generated instruments. 
National Instruments recently in- 
troduced a new version of its graph- 
ics-oriented Labview software. 
Labview 2.0 runs ten times faster 
on average than previous versions, 
and it has a dazzling color interface. 
This version also provides editing 
features like rubberbanding, graph- 
ics controls such as panning and 
zooming, and support for integer 
data elements. Best of all, the com- 
pany will give Labview 2.0 free to 
all version 1.2 owners. 

Labview is a colorful, icon-based, 
graphics programming system that 
simplifies engineering and scientific 
programming on Macintosh comput- 
ers by permitting you to design in- 
struments generated by, and based 
purely in, software. Instead of writ- 
ing lines of code, you produce these 
instruments by drawing block dia- 
grams that represent test and 
measurement functions. You then 
control these instruments via on- 
screen representational images of 
the types of switches, dials, and lev- 
ers you would find on hardware ver- 
sions of such equipment. 

The rubberbanding feature lets 
wires remain attached to (and move 
with) an icon as you relocate it 


F ; - more | infor 
_.. ers directly, circle the appr 
servi ce 


, 100 Corporate Woods 
Rochester, NY 14623 
0) 348-0033 


NY, m6) 272-0070 _ 


within a block diagram. You can se- 
lect multiple objects for group ma- 
nipulations. Or you can cut and 
paste icons, front panels, and block 
diagrams from one part of a soft- 
ware instrument to another area in 
the same device or to a different 
instrument. 


Graphics compiler lends speed 


Version 2.0 owes its impressive 


speed to a graphics compiler that 
generates machine code from the 
block diagrams of your software in- 
strument. The result is that compu- 
tationally intensive applications de- 
veloped under the new software 
may run as much as 60 times faster, 
while I/O intensive applications can 
go about three times as fast as they 
did on the earlier version. (Version 
1.2 interpreted the graphics pro- 
gramming language as it ran.) 
Labview 2.0 can also run all the ap- 
plications you’ve developed under 
version 1.2. 

To reduce memory requirements 
and to further increase execution 
speed, Labview 2.0 adds multiple 
integer and floating-point data for- 
mats to the old version’s extended 
precision floating-point data type. 
And for embedded Labview appli- 
cations, the manufacturer provides 
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a run-time system for end-user 
functions composed entirely of fixed 
code. The program’s object-ori- 
ented open-architecture and dy- 
namic linking mechanism lets you 
write C code and insert it into 
Labview without recompiling the 
Labview code. 

If you don’t have Labview 1.2, 
you can buy version 2.0 for $1995. 
The company also plans to distrib- 
ute libraries of Labview instrument 
drivers via its Macnet electronic 
bulletin board and on fourteen 3.5- 
in. floppy disks. Access charges for 
Macnet vary from $4 to $8/hour; the 
disks cost $50 each. 


Flowchart programming arrives 
Wavetek’s Wavetest is a Win- 
dows-based program for automatic 
testing. It runs on an IBM PC/AT 
and uses icons and flowcharts to 
provide you with a text-free pro- 
gramming environment. A software 
bus analyzer comes in the package 
as well as an automatic-documenta- 
tion feature for your test programs. 
A library of more than 50 instru- 
ments is also included, as well as 
an instrument-library generator, a 
test-program generator, Basic, a 
GPIB interface card, a tutorial, and 


reference manuals. The test-pro- 
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CAP AND R-C NETWORKS 22222: 


: | : > ( } ; capacitor arrays, 
CU BOARD S AX interconnects and ground planes in monolithic 
® ceramic substrates. Sprague uses these 


CAPSTRATE® substrates with or without trimmed thick-film resistors to manufacture low-profile molded SIP through-hole 
capacitors (Type 424C) and R-C networks (Type 429C), and surface-mount capacitor (Type 806C) and R-C networks (Type 


846C) in standard SOM and SOL gull-wing packages. Sprague CAPSTRATE capacitor and R-C networks are smaller, faster, 
and more reliable than conventional networks using discrete components. Capacitors are available in temperature 
characteristics COG or X7R. Capacitance values range from 22 pF to 0.1 uF. Resistor range is from 10 ohms to 1 MQ. Both 
SIP and surface-mount packages are suitable for use with automatic insertion equipment. Sprague also offers custom 
CAPSTRATE networks at competitive prices. For complete information, write for Catalog RN-126A and Supplements, 

to Technical Literature Service, Sprague Electric Company, P.O. Box 9102, 
Mansfield, MA 02048-9102. For applications assistance call our Networks Hotline at 
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Let Your Instruments 
Do The Talking. © 
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the First Spreadsheet 
designed exclusively for 
Scientists and Engineers. 


(617) 577-1133 


Order our $20 Interactive Demo Disk. 
Ask about DADiSP for IBM-PC/XT/AT, 
DEC MicroVAX, HP9000, Masscomp 
5000, and Sun Workstations. For further 
information write DSP Development 
Corporation, One Kendall Square, 
Cambridge, MA 02139, (617) 577-1133 


>, DSP 


Development 
Corporation 


CIRCLE NO 62 


TECHNOLOGY UPDATE 


gram generator lets you set as 
many breakpoints as you need to 
debug your program. You can sin- 
gle-step through the program, trace 
variables, and create cross-refer- 
ence lists. The package costs $3990. 

Summation’s $2950 Testwindows 


3.0 also runs under Microsoft Win- 
dows on an IBM PC, but you use 


text rather than graphics to control 
IEKEE-488 instruments. This pro- 
gram automatically takes advan- 
tage of your PC’s expanded mem- 
ory and offers keyboard control for 
harsh environments or industrial 
applications, where a mouse may 
prove impractical. 

Although you have to learn the 
Testbasic language to run Testwin- 
dows, the company’s Sigma Users 
Group provides program support 
and a library of Testbasic routines. 
An initial window lets you know 
what modules and instruments are 
available, and a device window 
simulates front panels to simplify 
instrument control. Using the Test- 
basic editor, you can cut, paste, 
copy, search, and replace code. 
Once you’ve completed your pro- 
gram, you can save it for later use 
and duplicate it for multiple de- 
vices. 


Are Windows too restrictive? 

One drawback ought to temper 
the current fervor for the graphics 
user interface with its icons and 
windows: a lack of flexibility. In 
eliminating any need for program- 


ming, a graphics shell also elimi- 


nates any chance for adapting the 
shell to a user’s particular require- 
ments. As a consequence, a number 
of scientific software manufacturers 
borrow features such as pop-up 
menus from the world of Windows, 
but keep the flexibility of a menu- 
driven interface to increase the end- 
user’s options. 

Asyst Software Technologies 
sells one such data-acquisition prod- 
uct. Asystant GPIB is a scientific 
number-crunching program that in- 
terfaces with IKEE-488 instru- 
ments. The program can control 


and monitor as many as 12 instru- 
ments. It automatically gathers in- 
strument data; processes or gener- 
ates waveforms; plots, scales, and 
labels your screen graphics; and 
generates tables. The package of- 
fers both algebraic and reverse- 
Polish notation for real and complex 
arithmetic and trigonometry. 
Asystant GPIB also performs 
polynomial operations, solves dif- 
ferential equations, and performs 
statistical analysis (including curve 
fitting). When you issue commands 
to the instruments, you receive 
real-time feedback. Using menus 
and a command line, you can config- 
ure instruments, execute bus and 
device commands, and build and 
run GPIB routines. The program 
runs on an IBM PC and costs $695. 


Cognitive instruments are next 
Expert systems may form the ba- 
sis for the next generation of test 
and measurement software. Al- 
though no AI packages are now 
commercially available for test in- 
struments, you can buy field-serv- 
ice software for remote error analy- 
sis that hints of things to come. 
Digital Equipment Corp sells a 
Standard Package for Error Analy- 
sis and Reporting (Spear) that can 
identify a cracked read/write head 
in a disk drive, present the probable 
cause of the fault, and offer an ex- 
planation for why the problem oc- 
curred. Once the same types of 
functions are developed for instru- 
mentation, you may be able to com- 
pletely automate the analysis of test 
data. 


Article Interest Quotient 
(Circle One) 
High 515 Medium 516 Low 517 
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Systems logic in the Era of MegaChip Technologies: 


No system should ever be limited by its 
to help your design perform at its best. 


Up to 65% of the components in today’s systems are logic. 
Such a large proportion demands that your logic devices 
perform on a par with other advanced building blocks— 
and be chosen with equal care. Systems logic a 
alternatives from Texas Instruments can . & 
help you better realize the 
performance potential of 

your system design. 
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_ There are more than 60 functionscom- —! 


prising TI’s BICMOS bus-interface fami- = 
ly. Included are 8-, 9-, and 10-bit latches, 


buffers, drivers, and t nsceivers—a wide 
can easily find 


what you need to i lement high- 
. perforinance bu 


logic. TI offers advanced logic families 


480 ps for a two-input NAND gate with 
a fanout of three; flip-flop toggle rates 
range up to 208 MHz. Both series offer 
output and bidirecti ynal buffers with 
variable slew-rate control. And both — 
series are fabricated in TI’s high peror 
mance EPIC process. __ 


x ae Tr S vadvanced 
logic to improve the perfor- 


mance of military systems. 
Among TT's broad oe of logic 
devices produced to military requirements 

‘isa large PAL family. Propagation delays 
as fast as 15 ns are available over the 


military temperature range. The introduc-_ 


Major logic consolidation, the equivalent of 


tion of a ee 20-pii . 
planned, as well as ne versions 1s of the 
TIBS825S105B: and ’ 167B Programmable 
State Machines. 

T1 is offering military counterparts 
selected from its ACL family, as well 


_as 54F functions. Soon to come will 


be the BICMOS family of bus-interface 
functions. 

Included among T1’s lineup of military 
ASICs are versions of the one-micron 
TGC100 Series gate arrays discussed at 
left, as well as two-micron standard cells. 

TI's logic devices are among the more 


than 800 military functions offered com- 


- pliant to MIL-STD-883C, Class B. Of 


this total, TI provides more than 200 to. 

DESC-standard military drawings and is 
qualified to supply 285 JM38510 Class B 
devices (O71 (3). 


oy + ¢ ss 
‘Milestones in Innovation 
Tl’s tradition for milestone innovations 
extends from the infancy of semiconductor _ 
technology into the MegaChip Era. 
Among the major highlights: 
e First commercial silicon transistor (1954) 


_¢@ First commercially produced transistor 


radio (1954) 
e First integrated circuit (1958) 
e First integrated-circuit computer (1961) 
@ First-h and held calculator (1967) 
* First single-chip microprocessor (1970) 
¢ First single-chip microcomputer (1970) 


_ First single-chip speech synthesizer (1978) — 


e First advanced single-chip digital signal — 
processor (1982) 


— @ First video RAM (1984) 


oe 


¢ First fully inte grated trench memory cell, 


(1985) 
e First gallium arsenide (GaAs) LSI on 
Siiconsubstrate (1986) ts . 
¢ First single-chip Artificial lotic 
microprocessor (1987) — 


‘Tum page for more mformation. 


Comprehensive support from TI helps 
you improve your design performance 
as you improve system performance. 


To enable you to excel in designing the 
logic portion of your system for maximum 
performance, TT has compiled or is 
making available a wide range of design 
tools and aids: 

PLDs: The TI PLD data book (472 
pages) contains design and specification 
data for 78 device types. Four application 
notes are incorporated as a reference 
tool. A qualification book is available, 
and a state-machine design kit is 
forthcoming. 

ACL and BiCMOS Bus Interface: 
TT’s ACL data book (348 pages) con- 
tains detailed specifications and applica- 
tions information on the members of the 
one-micron ACL family. The ACL 
designer's handbook (299 pages) spells 
out the technical issues confronting 
advanced-logic design engineers and 
describes methods for handling the is- 
sues. A qualification book (358 pages) 
features extensive reliability and charac- 
terization data, die photos, and applica- 
tion derating factors. Customer evalua- 
tion capability is enhanced by TT's 
system evaluation board (available for 
demonstration through TI field sales 
offices) and third-party characterization 
boards. 

Data sheets are available on each mem- 
ber of TT’s BICMOS bus- interface family. 
ASICs: The TGC100 Series Design 
Kit gives you the tools needed to success- 

fully complete a gate-array design: A 


Extensive design support available for TI's systems logic families includes that for the new TGC100 


Qualification 
Data 


Series gate arrays (at top), Programmable Logic Devices (at left), and Advanced CMOS Logic. 


macro library for Daisy or Mentor en- 
gineering workstations containing the 
graphic symbol and functional and 
simulation models for each macro; a 
software library of Tl-specific software 
tools that streamline and simplify the 
design process; a design manual that 
answers “how to” questions about design- 


Texas Instruments Incorporated SDVOS3EDSG9C 

P.O. Box 809066 | 
Dallas , Texas 75380-9066 | 
Yes, please send me the following: | 
RYQD1 ASIC Information Packet 

DZ91 Programmable Logic Device Data Book | 
CAQ1 ACL/BiCMOS Information Packet 

CBO 1 BiCMOS Data Sheet Packet | 
NAME | 
TITLE 
COMPANY | 
ADDRESS | 
CITY STATE ZIP | 
AREA CODE TELEPHONE EXIT; | 


ing with the TGC100 Series; a two- 


volume data manual providing detailed 
specifications for each macro in the 
TGC100 Series software library; and a 
software user's manual. 

An equally comprehensive design kit 
for the TSC500 Series is currently in 
development. 

For more information on TI’s ad- 
vanced systems logic ICs and their sup- 
port tools, complete and return the 
coupon today. Or write: 

Texas Instruments Incorporated 


P.O. Box 809066 
Dallas, Texas 75380-9066 


™ MegaChip, IMPACT (Implanted Advanced 
Composed Technology), IMPACT-X, EPIC 
(Enhanced Performance Implanted CMOS), OEC, 
MegaModule, and microExplorer are trademarks of 
Texas Instruments Incorporated. COMPAQ 
DESKPRO 386/20 is a trademark of Compag 
Computer Corporation. VMEbus is a trademark of 
Motorola, Inc. 

® PAL is a registered trademark of Monolithic 
Memories Inc. Multibus is a registered trademark of 
Intel Corporation. Macintosh I] is a registered 
trademark of Apple Computer, Inc. 

© 1988 T] SDVRQ 75 
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TEXAS 
INSTRUMENTS 


Simple as... 


& 


ntergraph makes electronics CAE 

easy. We offer interactive graphics 
solutions that do it all — from product 
concept and design through 
implementation — solutions that 
support hierarchical designs for PCB, 
ASIC, or hybrid applications. Using a 
common interface, you can capture 
schematics and verify both digital and 
analog designs with graphical 
waveform editors. 


At one workstation... 


Push a button and you're doing 
hierarchical schematic design with 
Intergraph’s Design Engineer.* Push 
again for analog circuit simulation or 
digital systems simulation using 
Intergraph's CSPICE or the 
industry-standard HILO. Select ASIC, 
PLD, or LAYOUT for a wide choice of 
vendor libraries and design tools, 
supporting a variety of technologies. 


Using our 5-MIPS CLIPPER workstations 
and servers, you can pass data via 
Ethernet and other industry-standard 
networks. Intergraph supplies the 
common database and all the 


application tools you need to control 
the entire development and revision 
process — and to get your products to 
market faster. 


‘For a low-cost solution to design 
entry, ask about Intergraph's 
Design Engineer PC. 


oan 


Intergrating CAE solutions... 

Call Intergraph...800-826-3515 or 
205-772-2700. CAE really is as simple 
as pushing a button. 
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MUM tia 


LET THIS NEW MODEM CHIP 
MAKE LIFE EASY FOR YOU 


The Only 5-Volt, 2400 BPS, 1-Chip 
Modem For Low-Power Applications 


lf modem chips have a place in your com- 
pany’‘s products, here's how a new low- 
power single-chip modem from Silicon | : aan Fhe: 

systems can make life easier for everyone. yy (28s Pa Seccee 

Now your product designers can put eee Cae = 
this new I-chip 2400 BPS modem into their 
designs and replace three or more old- 
style modem IC’s. The K224L draws less 
than 120 mW from a single 5-volt supply, 
eliminating the need for additional power 
supplies and making integration of the 
modem function possible in lap-tops, 
portable terminals, and other battery- 
operated applications. 

Your marketing department will be 
happy to know that this single chip fully 
supports all the world-wide operating 
modes—V.22 bis, V.22, V.21, and Bell 212A/ 
103. They'll like the competitive edge that 
state-of-the-art single-chip modem tech- 
nology can give to your company's products. 

And, of course, your management 
team can only be proud of an engineering 
and marketing group that has the good 
sense to make the most of such innovative 
components that enhance the features 
of your products, reduce costs, and boost 
company sales. 


Call Now! 
(714) 731-7110, Ext. 3575 


For more information on the new Silicon 
systems 73K224L, or any of SSi’s fully 
compatible K-Series 1-chip modems, 
contact: Silicon Systems, 14351 Myford 
Road, Tustin, CA 92680. 
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INNOVATORS IN J INTEGRATION 


“Where we design to your applications.’ 


Circle 3 for career information | See us at Electronica Hall 18, Booth 18E5 Circle 4 for product information 


What a challenge: making cable systems smaller, — 
lighter, and more flexible without compromising signal fidelity, 
flex-life, or reliability. At Precision Interconnect we do it every 
day, for leading electronic equipment manufacturers all 
over the world. 

Working with a variety of mechanical requirements, 
plus strict electrical parameters, we custom-design and produce 
complete interconnect systems. Micro-miniature cables, 
usually using 38 AWG and smaller conductors, 
can be terminated to standard or micro 
connectors and protected with flex-strain 


Interconnect assembly for Medical Dynamics’ 
hand-held surgical camera is sealed against 
sterilization solutions. 


Balancing mechanical 
requirements Keeps us on the lea 
edge of interconnect technology. 


CIRCLE NO 153 


The Bettman Archive, Inc. 


and electri ical 


reliefs. Custom overmolds and sealing designs have been 
developed to protect interconnect systems in harsh 
environments. These cable assemblies provide the critical link 
in hand-held applications on diagnostic instruments, sensors, 
and medical and surgical devices. 

Our expertise, increasing with each 
unique problem we solve, ensures that 
reliability is designed in, built in, and tested. 
So we can keep our balance. And 


assure a great performance PRECISION 
. every time. INTERCONNECT 
' 16640 S.W. 72nd Avenue 
Portland, OR 97224 


(503) 620-9400 


"Offices in San Francisco, Boston, 
Wilmington and Diisseldort. 


“At LTX we evaluated a lo 
~ before we chose Vicor.” 


“As the leading manufacturer of automatic test They delivered a power system that’s modular, 
equipment for linear integrated circuits, we had flexible and reliable. We can add new features to 
unique power supply requirements for Hi.T, our our testers without having to redesign the power 
new linear test system. Given its advanced distribution system. And high reliability is 
resource per pin architecture, we needed new especially important to us since we offer a limited 
solutions. So we went to the experts. And Vicor lifetime warranty on our test systems. 
delivered. ) At LIX, our test systems are designed to be 

They delivered a DC power module which lets flexible. To stay competitive, we're prepared to 
us achieve low system noise, thus allowing our test semiconductors that are not yet designed. 
test equipment to measure signals down to The flexibility of Vicor’s power supply is an 
microvolts. : important ingredient in LTX’s role in meeting 

The high power density of Vicor’s modules tomorrow's test challenges. 
provides us more space for instrumentation. Our — Phil Perkins, Staff Scientist, 
systems are smaller, and we can more easily Co-Founder, LTX Corporation 
distribute power supplies throughout the 
system. 
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Distributed Power 


Advanced system manufacturers are taking 
advantage of the inherent benefits associated 
with distributed power systems. Through the use 
of component level power converter modules, 
designers are able to effectively decentralize 
the traditional power system by 
providing onboard power 
conversion at the 
sub-assembly 
level. 


The Benefits: 
mg Maximum cost effectiveness 
= Minimum time to market 
= Minimum inventory 
_@ Reducedsize _ 
_@ Efficient power busing 
m Modularity 
m Flexibility in system configuration 
@ Enhanced reliability 


f power supply solutions 


level, DC/DC 


Rear panel of the H1.T system 


The Component 


The building block for distributed power! is 


the Vicor VI-200 series of ‘ ‘zero-current-— 


switching”, component 


converters. 


| To discuss 
your power system 

requirements, call Vicor today 
at (508) 470-2900, TEINS 3 Boa. 
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The “Look and Feel” CAE Users Have Been Looking For 


On-Screen Prompt line makes Hierarchical Menus eliminate 
it easy to find the feature keyboard commands. 
you're looking for. 


Action Button selects 
functions. 


Menu Button toggles 

between menu and 

graphics. 

ell iL Pe ‘ } : Pan Button Redraws 
He Titer] Hite Thetis _ screen around 

cursor location. 


ESTERS 


EE Designer III takes 

advantage of all 3 mouse 

buttons for maximum 
Command Line displays EE Designer III supports workstation-quality operating speed and 
selected function. graphics up to 1280 x 1024 resolution, or uses throughput. 


standard VGA, EGA, or CGA color graphics. 


Introducing EE Designer IIT” 


The first ergonomic PC-based CAE software system 


The fact is that today’s CAE ee rrr—— So whether you’re capturing a sche- 
software systems have a lot of | OT | soe Tic: a. matic or Auto-Routing your printed 
features. The problem is that DLrLr™L—™—~—._.._ EC LE CSircuit board you can always find 
you have to read a huge manual .,.,hS--~S™—ti“Cs™——C—T_—_C the ‘function you need. 


or go to a HELP screen to find 
the feature you need. 


Finally, an integrated desktop CAE 
software system with all the features 


you need plus an ergonomic user 
interface that lete wai eacily find 


The EE Designer series of products 
is distributed worldwide by a com- 
bination of Visionics Corporation 
in North America and Betronex 


Group in Europe, Asia, Australia 
and Gaiith Amorica 


TECHNOLOGY UPDATE 


Dielectrically isolated ICs move into 
high-performance applications 


Richard A Quinnell, 
Regional Editor 


A wide range of high-performance 
analog ICs now use dielectric-isola- 


tion techniques. Precision amplifi- 


ers, video circuits, analog switches, 
circuits with high input voltages, 
and even analog ASICs currently 
benefit from dielectric-isolation 


You can see the isolation barrier as dark rings around the transistors in this quad transistor 
array from Elantec. The glass forms a cup underneath the transistor, separating it from the 


substrate. 
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technology. These ICs can boost the 
performance of your most demand- 
ing systems. | 

- Dielectric isolation, which was 
first introduced commercially in the 
1960s by Harris Semiconductor, 
was originally developed to improve 
the radiation tolerance of ICs. 
Three other companies—Burr- 
Brown, Elantec, and Sipex’s Da- 


taLinear Div—have since joined 
Harris in the ranks of suppliers of 
dielectrically isolated ICs. In fact, 
two of the four entered the field 
only very recently: Elantec began 
producing the devices in 1985, and 
Sipex began offering standard prod- 
ucts in January 1988. 


DI benefits high-speed ICs 

From its origin in radiation- 
hardened devices, dielectric-isola- 
tion technology expanded to high- 
speed circuits (see box, “Dielectric 
isolation yields performance advan- 
tages”), for which it offers several 
advantages over junction isolation. 
One advantage is that dielectrically 
isolated devices have relatively low 
parasitic capacitance: It’s typically 
one-tenth that of junction-isolated 
devices. This fact translates into 
both a higher frequency response 
and lower power consumption. In 
other words, less time and current 


are needed to charge the capacitors. 

Advances in digital technology 
are the principal reason that dielec- 
trically isolated ICs are moving into 
high-performance applications. It’s 
now the analog portions of systems 
that are the limiting factor in sys- 
tem performance. System designers 
are therefore demanding higher 
performance from analog circuits, 
and one of the ways that IC manu- 
facturers are responding is to de- 
velop new dielectrically isolated 
devices. 

At present, however, the pre- 
mium you pay for dielectric isola- 
tion—the price is at least 30% more 
than that of comparable junction- 
isolated devices—restricts its use in 
less-demanding applications. That’s 
the bad news. The good news is that 
the additional cost is principally due 
to the manufacturing process, and 
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manufacturers are already making 
efforts to lower the cost of manufac- 
turing the ICs by improving the 
process. 

High-speed devices such as the 
popular Harris 2500 Series op amps 
were the first type of analog IC to 
benefit from dielectric-isolation 
technology. Both Sipex and Elantec 
are alternate sources for many of 
the products in the series, including 
the 2500/02/05, the 2510/12/15, and 
the 2520/22/25. 


Precision and speed 

Op amps that combine speed and 
precision were the next type of de- 
vice to adopt dielectric-isolation 


technology. Two recent examples 


are the Harris HA-5147A and the 
Burr-Brown OPA-602P. The HA- 
5147A has a slew rate of 35V/usec. 
Its gain-bandwidth product is 120 
MHz, its minimum stable gain is 10, 
and its output settles to 0.01% of 
the final value within 400 nsec. 

~The HA-5147A’s speed doesn’t 
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require you to sacrifice precision. 
The device’s offset voltage is 10 pV; 
its typical bias current is +10 nA. 
It consumes only 3.5 mA of supply 
current, and it costs $6.21 (100). 

The Burr-Brown OPA-602P also 
offers a combination of precision 
and speed. This part is unity-gain 
stable and has a bandwidth of 6.5 
MHz and a slew rate of 35V/psec. 
Its offset voltage is +1 mV typ and 
its bias current is 1 pA. It sells for 
$2.80 (100). 


Circuits for video 

Speed is not the only advantage 
that dielectrically isolated ICs can 
offer for your applications. For ex- 
ample, these [Cs’ capacitance is in- 
dependent of the strength of the 
signal, a feature that’s advanta- 
geous for high-quality video appli- 
cations. 

One recent dielectrically isolated 
device that’s specifically intended 
for video applications is the Harris 
HA-2544, which offers a typical dif- 


ferential gain of 0.23% and differen- 
tial phase of 0.05° for a load resis- 
tance of 1 kQ. It also features a 65° 
phase margin and a gain-bandwidth 
product of 50 MHz. The device’s 
slew rate is 150V/ysec, and it set- 
tles to 0.1% in 120 nsec. It costs 
$4.83 (100). 

Another video device that capi- 
talizes on the advantages of dielec- 
tric isolation is the Elantec 2003 
video line driver. This unity-gain 
device offers a 100-MHz bandwidth 
and can handle as much as +100 
mA of output current with resistive 
loads. It features a typical slew rate 
of 1200V/ysec for a 1-k© load, dif- 
ferential gain of 0.1%, and differen- 
tial phase of 0.1°. 


Isolation and high voltage 

The glass insulator used in dielec- 
tric-isolation techniques contributes 
to the isolation between channels in 
the Harris HI-222 video switch. The 
switch features 350 on-resistance, 
and its typical leakage current is 


z= a 


N-Type Wafer 


Polycrystalline Silicon 


N 


N 


Grind Off Starting Wafer 


Emitter Base 


Polycrystalline Silicon 


Collector 


‘ oy S N ee SiO, 
oe Isolation 


EDN October 18, 1988 


TECHNOLOGY UPDATE 


0.2 nA at 25°C. The isolation be- 
tween channels is 84 dB; the off- 
isolation is 72 dB at 5 MHz. The 
device also features a 200-MHz 
bandwidth and exhibits differential 
gain of 0.02% and differential phase 
of 0.02°, specs that tailor it for video 
applications. 

The presence of an insulator 
around the transistors allows di- 
electrically isolated devices to toler- 
ate much higher input voltages than 
junction-isolated devices can; the 
oxide’s breakdown voltage is typi- 
cally greater than 800V. This toler- 
ance allows the Harris HC-5502B 
subscriber-line interface circuit 
(SLIC) to interface directly with 
the bell-ring signals, which are typi- 
cally over 100V, without needing an 
external transformer. It also helps 
to protect the device from surge 
voltages, which commonly occur in 
telephone lines. The device can 
withstand surges as great as 1000V. 


This dielectrically isolated precision op amp (the OPA-602 from Burr-Brown) features a 


Dielectrically isolated ICs’ ability 35V/nsec slew rate, a 6.5-MHz bandwidth, and a 2-pA bias current. The device is available 
to tolerate high voltage on the in- ina plastic DIP for $2.80 (100). 


are exposed. What were willows of wlicon covered 
_ with glass are now tubs of glass filled with silicon. 
oahe oo a 


the material the - wate aon one edge of a 
wafer. The accuracy of the milling depth is impor- 
tant, too. This accuracy dete: n 


can make the tubs and still get an acceptable yield. — 


* 


The size of the tubs deter " n: 
density. 


I nes the transistor 


The remainder of me ae for diclectrically iso- : . 


lated chips is the same as for chips fabricated in 


other technologies. 


nique is bipolar processing, which produces struc- : 
tures containing both npn and pnp transistors. Un- __ 
like junction-isolation techniques, dielectric-isolation _ 


techniques allow manufacturers to fabricate both © 


types of transistors with equal facility, so dielectri- | 


cally isolated devices can use a complementary 
structure made from high-speed vertical transistors. 


Junction-isolation devices either use slower planar __ 
transistors for one of the types or use designs having © 
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S 2 only one transistor type. Rither technique ex act 
_ speed and performance penalty. 
vith sic h ee performs 


most commonly used tech- 
diode. Its substrate’s parasitic capac 
‘tenth that of junction-isolated : 
ally independent of the signal level. Its leakage cur- 
rent is almost nonexistent, and it’s unaffected by 
radiation and temperature. Because an insulator 
- surrounds every transistor, the performance o 

dielectrically isolated device is comparable to t 


_ Separating the transistors with an oxide ee has. ; 
many other advantages as well. An isolation basses 
is, essentially, a reverse-biased diode. This diode __ 


allows current to leak to the substrate and presents 7 
| Z a parasitic capacitive load at the collector. The leak- _ 
: age current increases with temperature and under 
aines how shallow you §_irradiation, causing the circuit to fail at high tem- 
peratures and radiation levels. The parasitic cap 
___ tance increases the power dissipation at high fi 
_ quencies, limits the frequency response, and ) 
as a function of the ae vol age , causing si 

_ distortion. | 


A dielectrically Ssolated: device has 3 no ae so 
capacitance is only a . 


: cuits: and is virtu-- _ 


of a hybrid circuit with discrete transistors moun 
on a ceramic substrate. 
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puts is also proving useful in many 
new applications. In November 
1988, Harris plans to release a 
monolithic power converter fabri- 
cated with the dielectric-isolation 
process; you can actually plug the 
IC into the wall. This device gener- 
ates 100 mA at 5V de directly from 
120V ac power. It requires no ex- 
ternal components. 


DI arrays for ASICs 

You can also take sivaniiaee ¢ of 
dielectric isolation’s advantages in 
the analog ASICs you create. Sipex 
offers the SP-1104 dielectric-isola- 
tion array, which has more than 400 
transistors and a variety of resis- 
tors, capacitors, and buried zener 
diodes in a 4X4 matrix of tiles. 

Each tile of the SP-1104 gives you 
24 small-geometry transistors—12 
pnp and 12 npn types. The pnp tran- 
sistors offer a B of 150 and a transi- 
tion frequency (fr) of 600 MHz. The 
npn types have a B of 200 and an 
fy of 1 GHz. The array offers tran- 
sistors in four sizes. Their collector 
currents range from 10 nA to 100 
mA, and you can obtain complete 
Spice models for the transistors. 

The other components lie be- 
tween the transistor tiles. You have 
a choice of three capacitor sizes—5, 
8, and 18 pF—and enough clear 
field area for 800 k© of thin-film 
resistors. You tailor both the thin- 
film resistors and the capacitors 
during fabrication. 


This analog ASIC array uses dielectric iso- 
lation to offer both npn and pnp transistors 
with cutoff frequencies of greater than 600 
MHz. Besides including more than 400 tran- 
sistors of varying sizes, the Sipex SP-1104 
gives you programmable capacitors and 
thin-film resistors, zener diodes, and pinch 
resistors, so you can create a variety of de- 
signs without using external components. 


The array also offers low-preci- 
sion pinch resistors for applications 
that require higher resistance; for 
example, you can use them as 
bleeder resistors. These resistors 
offer a 20% tolerance and a break- 
down voltage of 8V. There are 36 
of these resistors, in groups of six, 
each with a nominal value of 35 kQ. 


Integration support 

You can use either CAD tools or 
manual layout techniques to com- 
plete your design, then submit it 
to Sipex for integration. The com- 
pany’s integration service includes 
a design review, layout verification, 


testing, packaging, and delivery of 


25 functional prototypes, and it 
costs $19,750. You can obtain addi- 
tional prototypes at $1000 for 25 
units if you order them with the 
integration service. 

Future dielectrically isolated de- 
vices may cost less than current 
ones. The premium you must cur- 
rently pay for dielectrically isolated 
devices is due to the special process- 
ing steps the technology requires. 
Manufacturers are actively investi- 
gating ways to cut the cost of such 
process steps as polysilicon deposi- 
tion and milling. 

For example, the manufacturers 
are examining alternatives to poly- 
silicon deposition, because the poly- 
silicon layer takes time to grow, and 
because it sometimes causes the wa- 
fer to curl up like a potato chip 
rather than remaining flat. An eco- 
nomical alternative to polysilicon 
deposition is wafer bonding, the 
technique of attaching a second wa- 
fer to the first to provide silicon 
support. 

Manufacturers are also examin- 
ing ways to improve the accuracy 
of their milling techniques. The best 
milling accuracy they’ve achieved 
so far is +3 ym, which leaves be- 
hind an average of 25 wm of the 
original silicon. To produce finer ge- 
ometries for dielectrically isolated 
ICs will require milling accuracies 
closer to +1 pm. 


Article Interest Quotient 
(Circle One) 
High 518 Medium 519 Low 520 
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Chips to control 
our head 


A Three Chip Set For High-Performance Servo Electronics 


Now you can cut head-positioning elec- 
tronics in high-performance Winchester 
disk drives down to size—using Silicon 
systems’ new Servo Chip Sef. The 
32H567 Servo Demodulator, 32H568 
Servo Controller, and 32H569 Servo 
Motor Driver provide all of the functional 
building blocks required in a servo 
channel. 

At your finger tips are advanced 
features like PLL synchronization, offset 
cancellation, on-track window compar- 


Circle 19 for career information 


EDN October 13, 1988 


ators, motor protection, automatic head 
retract,.and a microprocessor interface 
that puts you in control. Couple this with 
our Servo Lab Software and Develop- 
ment Platform, and you can design your 
servo system in less time and effort 
than your competition. 

The Servo Chip Set breaks down 
the major obstacles in the development 
of high-performance Winchester disk 
drives. With its high level of integration, 
it provides superior performance and 


silicon © ond 


design features for lower power, re- 
duced board space, and lower cost. 


Call Now! 
(714) 731-7110, Ext. 3575 


For more information on this exciting 
Servo Chip Set and other Microperipheral 
Products, contact Silicon Systems or 
your local representative or distributor 
today. Silicon Systems, Inc., 14351 
Myford Road, Tustin, CA 92680. 


See us at Electronica Hall 18, Booth 18E5 


Circle 20 for product information 


85 


-~ SS Se Se 

. S's 
a 

[ Saupe ~ 


_e™ 


MR 


i 
| 
t 


W hat made a company great 40 years ago 
would kill it today. 


Forty years ago, mass production was the answer. 

There were mistakes made, of course, but they could always be corrected 
in the next run. Do things that way today and the competition will kill you. 

Today the leader listens to customers’ needs and can make changes easily 
and quickly by integrating the manufacturing process with design. 

With Computer Integrated Manufacturing (CIM) from IBM, a product 


can be quality proven and changed before it’s released to the shop floor. 


EDN October 13, 1988 


Courtesy of the National Automotive History Collection of the Detroit Public Library. 


Marketing, Engineering, Production, and Finance work together. Time 
is saved. Efficiency is improved. Returns are minimized. Customers are happy 
and profits go up. 

Nobody is better at CIM than IBM. No one has the hardware, software, 
support and experience. All of which adds up to the bigger picture from IBM. 
Call 1-800-IBM-2468, ext. 45. Because to be a great company tomorrow you 
need the best help you can get today. 


The Bigger Picture 
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os Then move U D to : Once you needed expensive add-on 


devices to record periodic quantities 
captured by your measurement 
the new Mi U LT REG (*7 132 system. Not any longer... because our 
, new MULTIREG® C1732 hybrid recor- 
3 der registers direct current, D/C volt- 
h b P qd e age, temperature, A/C voltage, and 
y rl recor er “= alternating current — all by itself. 


With MULTIREG C1732, the move to 
unique recording convenience begins 
with your selection of up to 45 separate 
measurement areas. The system 

does the rest...by sampling some 32 
measurement channels in a mere 1.5s 
and plotting the results in 7 different 
colours. Including full graph annotation 
for easy interpretation. 


But that’s not all. MULTIREG also cou- , 
ples functions mathematically...and. 
automatically...and displays the oF 
values in graphic form. Giving you a 

new perspective on complex relation- 

ships. 


All this with just one hybrid recorder. 
Hard to believe, but it’s true. 

And our new MULTIREG C1732 is 
even available as an individual unit 
(PIEZOGRAPH 2). 


MULTIREG C1732. 
Measurement convenience that 
measures up. 


Write to: 


Siemens AG 

Infoservice 213-2224 eN 
P.O. Box 23 48 

D-8510 Furth 


for full details. 


or contact your local Siemens office 


A19100-E688-211-V1-7600 


Logic 
Timing 
Analyzer 


Can you do with high-speed logic analysis? 
Can you do with flexible, easy-to-use trigger functions? 


Can you do with quick instrument familiarisation? 
Can you do with reliable, high-impedance active probes? lf you can, 
then the 
Logic Timing Analyzer LAL 
is for you. 


\nconncennenee 


i i tting 
Selection of trigger se 
from 13 predefined menus 
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ig~et 
2 High-end specifications 

@ Sampling frequency 200 MHz 

@ 16 channels 

@ Glitch pulse width = 3 ns 

@ Skew < 2.5ns 

@ Graphic representation of triggering 
@ Active data probes (1 MQ || 3 pF) 


ROHDE & SCHWARZ 


Telex 523 703 (rus d) 
Tel. internat. + (49 89) 41 29-0 
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ment measurement is 
more accurate and 
economical with the 
iit RSYN™ and RVIT™... 
our new family of AC and DC rotary 
position sensors. Both offer greater 
performance and application versatility 
than similar transducer types... and 
at lower cost. 


Measuring DISPLACEMENT, PRES- 
SURE, ACCELERATION, FORCE/ 
WEIGHT, SLOPE/TILT, or VELOCITY ? 
For nearly half a century, we've dem- 
onstrated our commitment to sensor 
technology with products for a variety 
of measurement applications. 


For complete information on the RSYN 
or RVIT rotary position sensors, write 
Schaevitz, U.S. Route 130 & Union 
Ave., Pennsauken,-NJ 08110 or call 
our Hot Line: 609/662-8008. 


Grid Scale: 3/8" x 3/8” 


New LOW-COST 
High Accuracy 
Rotary Position 
Sensors, AC or 


_ DC Powered 


YS 


The Name In Sensor Technology 
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PRODUCT UPDATE 


CPU card adds I/O channel 
to VME Bus systems 


CSS 
SSS SS = 
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he VSC020 CPU card provides a bridge 
between the VME and STE Buses. By vmple- 
menting industrial I/O on the STE Bus, you 
can dramatically reduce I/O costs. 


The VSC020 CPU card features 
both VME Bus (IEEE-1014) and 
STE Bus (IEEE-1000) interfaces, 
allowing you to use STE Bus boards 
to implement low-cost industrial I/O 
in VME Bus systems. Compared to 
using VME Bus I/O cards, an I/O 
subsystem based on STE Bus cards 
reduces I/O costs by as much as 
50%. You can also use the CPU card 
simply to add 32-bit processing 
power to an STE Bus system. Be- 
cause both VME and STE Bus 
cards are based on Eurocard foot- 
print boards with DIN-41612 con- 
nectors, it’s easy to integrate both 
buses into the same packaging. 

The CPU card includes a 12.5- or 
16-MHz (or, optionally, a 20-MHz) 
68020 »pP, 1M or 4M bytes of on- 
board dynamic RAM, two serial I/O 
channels, and a 16-bit counter/ 
timer. The 32-bit VME Bus inter- 
face, which occupies the card’s P1 
connector and the center row of 
pins on the P2 connector, allows the 
CPU to operate in a multiprocessor 
VME Bus environment. 

The STE Bus interface occupies 
the two outer rows of pins on the 
card’s P2 connector. The 1M byte 
of STE Bus memory space and 4k 
bytes of STE Bus I/O space appear 


as fixed locations in the 68020’s ad- 
dress map. The CPU can send or 
receive interrupts on the STE Bus 
Attention Request signal lines and 
has a control register that allows 
you to mask out unwanted inter- 
rupts. The CPU ean also perform 
STE Bus Vector Acknowledge cy- 
cles to accept an interrupt vector 
from an interrupting device. 

An onboard STE Bus arbiter al- 
lows you to add additional bus mas- 
ters on the STE Bus. For mailbox- 
type communication between the 
CPU and other STE Bus masters, 
you can use a 16k-byte area of the 
CPU card’s dynamic RAM, which 
is dual-ported to the 68020’s local 
bus and to the STE Bus. The base 
address of this 16k-byte area is pro- 
grammable. In addition, the board 
has STE Bus system controller 
functions, including STE Bus clock 
generation, power-on or software- 
controlled system-reset generation, 
and a bus time-out function. 

The company supports the CPU 
card with the OS-9/68k real-time 
multitasking operating system and 
supplies software drivers for its 
wide range of STE Bus I/O cards. 
The VSC020 comprises a VME Bus 
CPU card manufactured by Io Inc 
(Tucson, AZ) and a daughter board 
that carries the STE Bus interface. 
However, the CPU and daughter- 
board combination still fits into a 
single VME or STE Bus slot. £1380. 

| —Peter Harold 

Arcom Control Systems Ltd, 
Unit 8, Clifton Rd, Cambridge CB1 
4WH, UK. Phone (0223) 411200. 
TLX 94016424. FAX 022-341-0457. 
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PRODUCT UPDATE 


STD Bus boards provide IBM PC/AT 
compatibility for industrial applications 


Touted by the manufacturer as the 
first STD Bus controller to offer full 
IBM PC/AT compatibility with 18 
times the performance speed of a 
standard PC/XT, the STD-AT com- 
prises a set of three plug-in boards 
that meet the standard 4.5 x 6.5-in. 
STD Bus form factor for card cages. 
The LPM-286AT card contains an 
80286 CPU that runs as fast as 16 
MHz, with a 20-MHz version sched- 
uled for release next month. The 
LPM-Video card provides both 
monochrome and color video proc- 
essing, and the LPM-Disk board 
controls your system’s hard- and 
floppy-disk drives. 

The LPM-286AT is actually a 
tightly coupled 2-board set that is 
joined by a local bus, and if you 
don’t require video and mass-stor- 


Providing 80286-based PC/AT compatibility on STD Bus cards, the 16-MHz STD-AT regis- 
ters an 18.7 performance index relative to an IBM PC/XT computer, based on the Norton 


benchmark speed test. 
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age capability, it can function inde- 
pendently. Its wP is buffered to the 
STD Bus, and a dynamic bus-sizing 
feature automatically determines 
whether an 8- or a 16-bit signal 
transfer should occur. An asynchro- 
nous I/O bus controller ensures sys- 
tem compatibility with slower I/O 
cards. | 

The LPM-286AT is compatible 
with STD Bus I/O boards, and it 
comes with 512k bytes of zero-wait- 
state RAM, Chips and Technolo- 
gies’ New Enhanced AT (NEAT) 
chip set, two RS-232C ports, a Cen- 
tronics parallel port, a battery- 
backed real-time clock, a keyboard 
controller, an 80287 coprocessor 
socket, three 16-bit timer/control- 
lers, a BIOS (basic I/O system) 
ROM with a setup program, and a 


oe 
- 


speaker. The 20-MHz version will 
have 2M bytes of RAM. 

You get 256-color VGA compati- 
bility with resolution as high as 
800 x 600 pixels when you add the 
LPM-Video card to your system. 
Supporting a variety of monitors, 
including monochrome, color, TTL 
analog, PS/2, and multifrequency, — 
this video controller comes with 9- 
and 15-pin interfaces and also meets 
the EGA, CGA, and Hercules stan- 
dards. 

The LPM-Disk card lets the sys- 
tem control rack-mounted mass 
storage devices storing as much as 
100M bytes of data, including 3'4- 
and 5’4-in. floppy-disk drives. You 
can also add other high-capacity 
disk drives to your system by con- 
necting them externally. 

These boards require a 5V power 
supply and operate over a 0 to 70°C 
temperature range. Presently 
available with a 10-, 12-, or 16-MHz 
CPU, the LPM-286AT pricing be- 
gins at $1495. The LPM-Video 
board costs $525, and the LPM- 
Disk card sells for $295. 

—J D Mosley 

WinSystems Inc, Box 121361, Ar- 
lington, TX 76012. Phone (817) 274- 
7558. FAX 817-548-1358. 
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SONY'S ECL GATE ARRAY 
TAKES ON GaAs SPEED 


INTRODUCING SPECL™ 
SONY’S HIGH-SPEED, 200-GATE 
ECL GATE ARRAY FAMILY. 


What matches GaAs gate-array speed, 


is lots easier to design-in, and costs far 
less? 

Sony's SPECL (“special”). Our all-new 
family of ultra high-speed, 200-gate, ECL. 
gate array. 

With Sony SPECL, you're ready to 
benefit with 150 psec/gate speed. In either 


array. For 


level supply voltage. 

All based on the proven one-micron, 
ECL-3 process that's made our ECL Logic 
Family so successful. 

And if that’s not enough, Sony also 
offers you free access to our 150-cell 
library. Augmented by our customer 
design support center, where we custom 


, design ECL gate-array routines on the 


Mentor Graphics™ system. Complete 
with rapid turn-around— typically 
“=, Just eight weeks. 
Sony's SPECL gate array is backed 
by the quality, reliability and responsive 
upport you expect from any Sony product. 
— 
your designs 
require ultra 
high speed, 
don't specify 
Just any 
gate array. 
Specify 
Sony's SPECL 
200-gate, 
ECL gate 


f 


Process technology 1.2 ym rule 
Number of metal layers 2 


Number of equivalent gates | 210 (3 gates per one internal 
basic cell) 


-45V+0.3V 
ECL 100K compatible 
50n to -2V 


150 ps/gate at IEF=400 A, 
L=1mm, fanin= 
fanout=1 


2.5 GHz 


Supply voltage 

1/0 interface 

Output driveability 

Typical internal gate delay 


Maximum toggle frequency 
1) Ot 

Typical internal gate 
power dissipation 


3.6 mW for 2-9 input 
OR/NOR normal output; 
8.1 mW for DFF with 
normal output 


40.5 mW 


Typical output buffer 
power dissipation 


GAAS speed. 
And ECL 
low-cost and 
convenience. 
For full details, call (714) 229-4197 
today. Or write Sony Corporation of Amer- 


Typical chip power 
dissipation 


Operating case temperature 


1.0 W (70 ORI3D’s, 14 
BUF2Y’s) 


0-85°C 


24 or 32-pin configurations. ica, Component Products Division, 10833 
Each featuring amazingly low-power _ Valley View Street, Cypress, California 
dissipation (typically less than one watt). 90630. FAX 
ECL 100K compatibility. And DC logic (714) 229-4271. = O N Yy., 
CIRCLE NO 165 
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PRODUCT UPDATE 


Graphics terminal offers RS-232C, TCP /IP- 
based LAN, and IBM coax interface options 


The Model 4211 Graphics Netsta- 
tion includes a dedicated graphics 
engine and can interface to host 
computers via RS-232C ports, a 
TCP/IP-based (Transmission Con- 
trol Protocol/Internet Protocol) 
Ethernet LAN, or an IBM 3270 co- 
axial connection. The graphics en- 
gine features a redraw rate of 
40,000 transformed and clipped 2D 
vectors/sec. You can specify your 
choice of a 15- or a 19-in. color moni- 
tor for the graphics terminal. 

The Graphics Netstation employs 
a dual-processor architecture to at- 
tain the graphics performance and 


A redraw rate of 40,000 vectors/sec and the flexible connectivity scheme make the 4211 


the flexible connectivity it offers. 
A TI 'TMS34010 pP and three gate 
arrays handle the graphics-process- 
ing tasks. The gate arrays imple- 
ment functions such as dedicated 
transformed and clipped ALUs. An 
Intel 386SX pP handles I/O and 
data-management tasks. 

Although it offers a fivefold in- 
crease in redraw rate compared 
with the company’s 4111 terminal, 
the 4211 maintains compatibility 
with the older product. Therefore 
you can use the Graphics Netstation 
with more than 100,000 software 
applications developed for 4111 and 


i 
| 


| 
i 
:3 
| 
i 
| 
; 
: 
q 
i 
t 


graphics terminal as functional as many workstations. 
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4200 terminals. 

The graphics terminal runs appli- 
cations from the company’s Plot 10 
family and from many third parties. 
For hardcopy output, the terminal 
supports all of the company’s inkjet 
and thermal wax printers, the HP 
Laserjet and Thinkjet, and Epson 
printers. 

The basic configuration includes 
three RS-232C ports, a parallel 
port, a keyboard, and 0.75M bytes 
of RAM. The standard 15-in. moni- 
tor features a 1024 x 768-pixel reso- 
lution. The terminal can display 16 
colors from a palette of 4096 and 
offers four dedicated dialogue 
planes. 

The communications options cost 
$750 each and come packaged on 
modular plug-in boards. With the 
IBM 3270 coaxial-cable option in- 
stalled, the terminal can manage 
five 3270 sessions and one ASCII 
host session simultaneously. The 
LAN option consists of a TCP/IP- 
based Ethernet interface. The TCP/ 
IP implementation includes the 
Telnet virtual-terminal facility. 
And, you can use the LAN- 
equipped 4211 as a terminal to any 
TCP/IP-based host on a network. 
The basic configuration sells for 
$6495, and an optional 19-in. moni- 
tor costs $1500. Volume shipments 
are scheduled for November. 

—Maury Wright 

Tektronix Inc, Box 14689, Port- 
land, OR 97215. Phone (800) 225- 
D434. 
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The core of the IDT 71502 is a 4K x16 
CMOS static RAM. But surrounding 
that core are features that will make 
your mouth water. Features that make 
the IDT 71502 work like 3 chips in 1. 


It’s a Writable Control Store 

The IDT 71502 SRAM is ideal for 
microprogram writable control store 
use. There are on-chip features like 
width and depth expandability plus 
high-speed serial load and readback. 
A pipeline register with selectable 
flow-thru bits. There’s a parity genera- 
tor for better system reliability. And a 
breakpoint comparator coupled with 
IDT’s Serial Protocol Channel (SPC™) 
that allows in-system debug and 
diagnostics. All these features com- 
bined with a 35ns clock set-up time 
make the IDT 71502 a one-chip solu- 
tion to your control store design. 


Our expertise in the writable con- 
trol store product area also allows us 
to offer you a wide range of high- 
speed module solutions: the 
IDT 7M6032 (16K x 32), the 
IDT 7MB6042 (8K x 112), and the 
IDT 7M6052 (4K x80). 
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It’s a Data Recorder 
In its data acquisition mode, the 
IDT 71502 captures 16 bits of data ata 

fast 20MHz clock rate. Simply clock 
the on-chip address generator and 
store up to 4K sequential samples. 
Block data recording is a piece of 
cake. And you can monitor sys- 
tem performance in real-time. 


It’s a Logic Analyzer 

Want to include logic 
analysis capability in your 
system? With the IDT 71502 
it’s a simple matter to perform 
diagnostic bus monitoring 
combined with real-time stop-on- 
event system analysis. And SPC with 
the on-chip comparator 
lets you preset addresses or 
data breakpoints. 


Packaging 

Package options include 
48-pin plastic or side-brazed 
DIPs, a 48-pin LCC anda 
52-pin PLCC. MIL-STD 883C 
versions are also available. 
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Call For More Information 

If you have questions concerning 
price, availability or technical issues, 
call our Marketing Hotline at 
(800) 544-SRAM. 


If you need technical literature, call 
(408) 492-8225 and we’ll send 
you a FREE copy of the IDT 
Data Book. It contains 
complete information on 
our other CMOS lines 
including SRAMs e 
FIFOs e Dual-Ports ¢ 
ADCs ¢ DACs ¢ ultra-fast 
RISC Processors and Bit- 
Slice ALUs ¢ DSP Building 
Blocks e ECL RAMs e TTL Logic ¢ 
Modules ¢ and much more. 


Leading the CMOS Future 


| Integrated 
‘ Device Technology 


3236 Scott Blvd. 

PO. Box 58015 

Santa Clara, CA 95052-8015 
Tel. (408) 727-6116 

FAX (408) 988-3029 
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PRODUCT UPDATE 


SRAMs’ on-chip address and data latches 
boost throughput in pipelined systems 


You can easily place the TR9C1640 
and TR9C1643 16k x4-bit static 
RAMs (SRAMs) into your existing 
designs, because they are compat- 
ible with the operation of unlatched 
SRAMs and employ industry-stan- 
dard pinouts. However, these 
SRAMS also incorporate address 
and data latches that enhance the 
system performance of the memo- 
ries. The integral address latch 
frees the system address bus after 
the device has been enabled, and 
the transparent data latch gives 
your system extra time to accept 


previously fetched data while the 
SRAM executes a new read cycle. 
Both SRAMs employ a common 


bus for the four DQ data I/O lines. 


The TR9C1640, packaged in a 22- 
pin DIP, has two control lines: E 


(enable) and W (write). The falling 


edge of the enable signal initiates 
a memory cycle and freezes the ad- 
dress in the SRAM’s address regis- 
ters. After this falling edge on the 
E input, your system can change 
the state of the address lines with- 
out affecting the current memory 
cycle. Pipelined memory systems 


frequently need this extra latitude 
on address-line timing. 

During a read cycle, the write 
control line remains high, which 
turns on the SRAM’s data output 
drivers. When the read cycle ends, 
the data retrieved during the cycle 
is latched in the device’s output 
data latch by the rising edge of the 
E signal. Note in Fig 1 that the 
enable line has no control over the 
SRAMWM’s data output drivers. Thus, 
the data lines will stay valid even 
after the read cycle completes. This 
extra hold time eases data-bus tim- 


Fig 1—Integral address and data latches on a pair of SRAMs ease timing problems in high-speed, pipelined applications. 
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-ATRULY FINE FAMILY Prompt Delivery. 


Military Temp Range Commercial Temp Range More Information. | 
(— 55°C to 125°C) (0°C to 70°C) 


Sample units 
SG1524 SG3524 available for evalua- 
pais a tion. Because of our — 
SG 1526 553526 | unique manufactur- 
The General brings SOhie aa ing technology, 
designers everywhere from SGIS27A SG35277A quantity delivery is — 
everywhere the latest arrays of PWM'°s for SG1529 __sc359 | _~=—sfast. Complete tech- 
an ever growing list of applications. 2 GurentMede |. nical information 
Newest PWM5S include the SG1844/1845 sae pay yours for the asking. 
urrent-Mode PWM Controller, SG1528/1530 High ie pone | Please address Silicon 


Speed Current/Voltage Mode Controller, SG1526B and SG1844 SG3844 General, 11861 West- . 
SG1529 Regulating PWM’, and SG1825 high-speed eo moons ern Avenue.,Garden _ 
urrent mode PWM. : SG1847 SG3847 ~ Grove, CA 92641. 


Silicon General PWM'’s are offered in voltage ~ Phone (714) 898-8121. : 
mode, current mode, and voltage and current modes. SG3528" TWX 910-596-1804. 
ey are available in ceramic, plastic and surface men Soeechooan NE FAR SISO, 


mount. The General processes PWM% and supervisory Available Jantary 1989 


circuits to 883B, Rev. C and S Level: All standard 
package types are offered including SOIC, PLCC, 
LCC, and flat pack. 

Quality? You bet. And in very high volume 
too. MIL-M-38510 approval has been granted for our 
plant to produce JAN parts. ) 


SILICON 
GENERAL 
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Chip Socket Specialist 


We manfacture Quality Chip Carrier 
Sockets of all sizes. 
We're proud of roputation for reliability. 
. We're specialists, and we like to think 
snes that noone else can Gelivel aueity like 


13333333332 |RSS ERTRR GEES 
Ze : PNP ear r ate e eee 


 RGaGuttenaee 


“TELEX: 16584 MAHANCO __ TEL: 886-2-9015130 FAX: 886-2-9051227 , 
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INTEL 
EMBEDDED CONTROLLERS 
ARE GOOD FOR PLANTS. 


Now you can drive a factory control system with a fraction of the 
processors. If it’s designed with a member of Intel’s 80960 family. 
Just call 800-548-4725 (Lit. Dept. 437). 


©1988 Intel oes Sp RES a See ESE MEMO Sg: ee ee 
Corporation 
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UPDATE 


ing in high-speed systems. 

Both the enable and the write 
control lines can initiate or termi- 
nate a write cycle. The last falling 
edge on either E or W starts the 
write operation. Likewise, the first 
rising edge on E or W terminates 
the write cycle. Data set-up and 
hold times are referenced to the sig- 
nal edge that terminates the write 
operation. 

During a TR9C1640 write cycle 
initiated by the write control line 
(E is asserted first), the SRAM will 
drive the DQ lines until W is as- 
serted. The assertion of W causes 
data-bus conflicts in some systems, 
so the TR9C1643 adds a G control 
line that gives you an extra way 
to shut off the SRAM’s output driv- 
ers. Because the G output enable 
adds an extra pin, the TR9C1643 
is packaged in a 24-pin DIP. 

The company offers both the 
TR9C1640 and the TR9C1643 in 
25-, 35-, and 45-nsec versions for 
$15.75, $12.75, and $9.25 (1000), re- 
spectively.—Steven H Leibson 

Triad Semiconductors, Inc, 5575 
Tech Center Dr, Suite 120, Colo- 
rado Springs, CO 80919. Phone 
(719) 528-8574. FAX 719-528-8875. 
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It’s not uncommon to crave 
extra speed from a standard PLD. 
But until now it’s been nearly 
impossible to find a device in your 
favorite flavor with the speed you 
really need. 

That's why Lattice Semicon- 
ductor offers the GAL16V8A and 
GAL20V8A. Together they give 
you 42 standard PLD types, 
including most PAL® devices. 
Allat 12 ns. The largest selection 
of high-speed PLDs. 


Bipolar speed at half power. 

These two GAL devices don't 
just give you 12 ns gate delays. 
With Lattice’s EX;CMOS™ technol- 
ogy, they give you 12 ns at half the 
power of bipolar PLDs. 

Lattice GAL devices also help 
you reduce inventory- without 
sacrificing design options. Stock- 
ing two flexible GAL devices is 
like stocking 42 standard PLDs. 

This unique flexibility comes 
from Lattice’s proprietary Generic 


For Literature Circle 13 
For Employment Information Circle 14 
E2CMOS is a trademark of Lattice Semiconductor. 


GAL is a registered trademark of Lattice Semiconductor. 
PAL is a registered trademark of Monolithic Memories, Inc. 


Array Logie (GAL) architecture. 
With output logic macrocells 
(OLMC), it’s an architecture that 
lets you conipure outputs to 
emulate a wide variety of PLDs. 


Near-perfect quality. 

Unlike other PLDs which are 
statistically tested, Lattice tests 
every characteristic on every part. 
Repeatedly. As a result, function- 
ality, AC/DC performance, pro- 
grammability and specifications 
are guaranteed. 

The benefit of all this testing is 
near-perfect quality. Combined 


favorite PLD 
flavors. Now in 
0 12 ns GAL parts. 


with GAL device programmabil- 
ity and reuseability, this signifi- 
cantly reduces the cost of PLD 
ownership. 


Standard tool support. 

Since GAL devices are pin-for- 
pin compatible with standard 20 
and 24 pin PALs, you can continue 
using the same fuse maps you've 
used all along. And standard 
programming tools as well. 

So order your free copy of the 
Lattice GAL Data Book today. 
Then, next time you need fast 
PLDs, be sure to specify GAL 
devices. In just two parts you'll 
discover 42 favorite flavors. 

From Lattice Semiconductor, of 
course. With more fast PLDs than 
anyone else. 


Lattice 


Semiconductor 
Corporation ™ 


5555 N.E. Moore Ct. * Hillsboro, OR. 97124 


The GAL Revolution Starts Here™ 


Copyright © 1988, Lattice Semiconductor Corporation. 


PRODUCT UPDATE 


Single-board computer for the STD Bus 
combines IBM PC features and ROM Basic 


The XT-7 card set brings IBM-PC 
compatibility to the STD Bus by in- 
corporating into its design several 
ICs originally created for IBM-PC- 
clone mother boards. The $795 
XT-7 CPU card features an NEC 
V20 wP running at 7.15 MHz, two 
serial ports, a parallel printer port, 
128k bytes of static RAM (SRAM) 
with room for an additional 128k 
bytes, a standard PC keyboard in- 
terface, a real-time clock, and a bat- 
tery to maintain the state of the 
RAM and clock when the system 
is turned off. You can build an STD 
Bus system using just the XT-7 
CPU card or you can replicate the 
entire repertoire of IBM PC fea- 
tures by plugging in the $495 XT-7 
support card, which adds a floppy- 
disk controller, a color-graphics- 
adapter (CGA) video controller, 
128k bytes of battery-backed 
SRAM, and room for an additional 
256k bytes of SRAM. 

A chip from Western Digital (Irv- 
ine, CA) supplies the XT-7 CPU 
ecard with components of the IBM 
PC mother board, including the 
keyboard interface, interrupt and 
DMA controllers, timers, and clock 
generator. A second IC, from Chips 
and Technologies Ine (San Jose, 
CA), adds the serial and parallel I/O 
ports and the real-time clock. These 
two ICs are commonly used by a 
variety of manufacturers to build 
IBM PC-clone mother boards. 

Both XT-7 cards employ only 
CMOS devices to minimize power 
consumption—the CPU card dissi- 
pates 1.8W and the support card 
only 1.4W. In addition, the com- 
pany offers a 3’-in. floppy-disk 
drive that requires only 1W, bring- 
ing the total power dissipation of 
an XT-7 system to 4.2W. This low 
power consumption brings two key 
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ICs created for clone mother boards and a standard BIOS ROM allow this 2-card computer 


for the STD Bus to use any software developed for the IBM PC. 


benefits: it boosts component reli- 
ability by reducing the system’s op- 
erating temperature, and it allows 
you to place the XT-7 card set in a 


sealed enclosure without creating 


heat problems. 

Phoenix Software Associates Ltd 
(Norwood, MA), a company that 
specializes in BIOS ROMs for IBM 
PC-compatible machines, supplied 
the BIOS (basic I/O system) soft- 
ware for the card set. Phoenix ac- 
commodated the addition of the 
STD Bus interface with only minor 
changes to its standard software 
package. The standard hardware 
and BIOS incorporated into the 
XT-7 CPU card allows the company 
to offer the following guarantee of 
software compatibility: it will re- 
fund your money if your software 


runs on an IBM PC/XT but won’t 
run on the XT-7. 

The XT-7’s ROM also contains 
STD Basic III, the company’s latest 
incarnation of its extended Basic 
language for industrial-control ap- 
plications. STD Basie III incorpo- 
rates a disk operating system that 
is compatible with the MS-DOS file 
structures and several specialized 
statements for applications that re- 
quire real-time control. For exam- 
ple, the STD Basic III function “In- 
terval” returns the time interval be- 
tween successive pulses and works 
with any bit of any input port in 
the system. The function can return 
the value of this period as a fre- 
quency (Hz), a tachometer reading 
(RPM), or as a pulse width. 

The language also implements 
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ANOTHER GREAT OFFER FROM 
THE EMPLOYEE-OWNERS* OF AVIS, INC. 


Drive 


The employee-owners of Avis want 
you to experience the elegance of a 
Cadillac Sedan de Ville or similar 
luxury-group Car at a very economical 
rate. With SuperValue Rates and fast 


service, wee trying 
a day 


harder than ever to give 
Cadillac Sedan de Ville 


you what you want in a 
rental car. 

To get this low rate, 
here are some things 
you should know. This 
rate includes a free 
mileage allowance, but 
there’s an additional charge per 
mile thereafter. The rate is available 
at all participating U.S. locations, 
and is higher in the metro N.Y. area. 
It is non-discountable and may 
change without notice. These cars 
are subject to availability, and 
blackout periods and additional 
seasonal charges may apply. There 
is no refueling charge if you return 
your tank full. For renters under 
25 and additional drivers, there are 
extra charges. The car must be 
returned to renting location. Taxes 
and optional Collision Damage Waiver 
($9.95/day, higher in certain areas), 
Personal Accident Insurance, Personal 
Effects Protection and Additional 
Liability Insurance are extra. 

To drive this elegant bargain, 
call Avis at ® 
1-800-331-1212, 
or call your 
travel consultant. 


| Were trying harder than ever.™ 


*Employees at all corporate locations. © 1988 Wizard Co., Inc. Avis features GM cars. Cadillac Sedan de Ville. 
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LCD readability 
taken to new heights! 


e Fluorescent backlighting and 
Supertwist technology combine 
to create the brightest and 
most dynamic graphic liquid 
crystal display available today. 

e Long life 20,000-hr. fluorescent 
tube emits a bright, even light. 

e Supertwist LCD produces a 
high contrast display with a 
wide viewing angle. 

e Available in 3 sizes: 400x640, 
200x640 and 128x256. 


e Available in positive or negative 
images with white, yellow or 
blue background. 


e Thin package with CMOS 
drivers. 

e Controller cards available. 

DENSITRON 

CORPORATION 

2540 West 237th Street 

Torrance, CA 90505 

(213) 530-3530 

FAX: G2/G3: 213-534-8419 


TELEX II: 910-349-6200 
Europe/UK: (0959) 76600 


CIRCLE NO 97 


INTEL 


FLASH MEMORIES. 
A FORCE FOR CHANGE. 


Now you can update a cash register with the latest prices. 
Cost-effectively. Only with an Intel Flash memory. 


Just call 800-548-4725 (Lit. Dept. 463). 
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hardware-interrupt-driven routines 
and event-driven multitasking. A 
hardware interrupt causes STD Ba- 
sic III to set a software flag. You 
link interrupts to flags with a pro- 
gram statement. If a flag is set at 
the completion of a line of code, 
STD Basic III executes the ap- 
propriate interrupt subroutine. You 
write the subroutines in Basic. 

Event-driven multitasking 
switches execution from one sub- 
routine to the next if preset condi- 
tions, which you define in an 
“Hivent” statement, occur. Once 
you define an event condition, STD 
Basic III polls the status of the 
events after executing a user-de- 
fined number of lines of program 
code. If an event occurs, program 
execution jumps to the designated 
routine. The company claims that 
event-driven multitasking produces 
far more efficient multitasking pro- 
grams than time slicing, because 
only tasks that require service con- 
sume processor time. 

In addition to the STD Basic lan- 
guage, you can write programs for 
the XT-7 using any MS-DOS pro- 
gramming language designed to run 
on an IBM PC. You can store your 
program on a floppy disk, using the 
floppy controller on the XT-7 sup- 
port card, or put your program into 
ROM, using the STD-DOS utility 
routines supplied with the XT-7 
CPU card.—Steven H Leibson 

Octagon Systems Corp, 6510 W 
91st Ave, Westminster, CO 80030. 
Phone (303) 426- 8540. 
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Others promise 
100% registerlevel 


compatibility. 


Only the CHIPS/450" family gives you 
VGA’ compatibility at the gate level. 


Everyone claims their VGA-compatible 
chips offer 100% compatibility with the 
industry standard. Which only means they’ve 
implemented VGA functions at the register 
level, right out of the IBM”* reference manual. 

But to achieve real VGA compatibility, it 
takes a much sharper focus. Down to the 
individual silicon gates used to build each and 
every register. Only one family of VGA 
CHIPSets™ does that: CHIPS/450. 

That’s why only the CHIPS/450 family 
can guarantee 100% VGA hardware compati- 


bility, including implementation of hidden 


modes and other functions not thoroughly 
described in IBM’s PS/2’ Technical Reference. 
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Features like a high-resolution mode, special 
zoom functions and readable CPU latches. 
Features that IBM and software developers 
might make use of in the future. Sending your 
design back to the drawing board if your “VGA- 
compatible” chip set isn’t gate-level compatible. 
Leave others at the starting gate. 

Besides uncompromising compatibility, 


_ the CHIPS/450 family gives you gate-crashing 


graphics performance. Especially when tightly 
coupled with our industry leading system logic 
CHIPSets. Both our VGA and Super VGA 
controllers offer a proprietary 16-bit interface . 
and fast VGA cycles—delivering twice the per- 
formance of the industry standard. Both include 
enhanced backward compatibility with all the 
popular video modes, and special protection 
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We give you the gate. 


for sensitive VGA video control registers. 
Get set for the future. 


The CHIPS/450 family gets you ready 
to meet the performance challenges of today. 
But more important, CHIPS gives you a 
seamless upgrade path to tomorrow’s 
standard: the OS/2™ Presentation Manager-” 

Our Super VGA incorporates additional 
hardware enhancements that maximize Pres- 
entation Manager performance. Features like 
a hardware cursor to reduce windowing over- 


head. A paged memory interface that increases 
bandwidth. And since our VGA Is pin com- 
patible with our Super VGA, you can upgrade 
quickly to next-generation products. While 
protecting your original VGA investment. 


So if you’re checking out VGA chip 
vendors, get in touch with the only one that 
offers gate-level compatibility and high-level 
performance. Call us at 1-800-323-4477 for 
details on a hardware/software path that’s 
not going to fence you in. 


chip sets or CHIPSets" The difference zs the difference. 


Chips and Technologies, Inc. 3050 Zanker Road, Dept. M-3, San Jose, CA 95134. IBM, PS/2, OS/2 and VGA are registered trademarks or trademarks of International Business Machines 
Corporation. Presentation Manager is a trademark of Microsoft Corporation. CHIPSet and CHIPS/450 are trademarks of Chips and Technologies, Inc. © 1988, Chips and Technologies, Inc. 
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Digital scopes with a 


Give up real-time capability for single-shot events. Four screen photos spiced 
storage? Not with Tek! _ Elusive glitches. benefit of full fur-screen 
That's because analog capability is | Low-speed ae 


integral to low-cost Tek digital storage phenomena. 

oscilloscopes. So you need only one Any waveform can be viewed for 
instrument to make all your measure- as long as you like. Or stored in 4K of 
ments efficiently. With no trade-offs. | memory for later analysis or com- 

Its another Tek advantage: analog parison to other waveforms. And if 
and digital in one familiar, affordable — there's a question about a digital 
package. measurement, just push a button for 
= 4 Select real-time display analysis. 
either 
» mode 

at the 

push of a 

button. 
With digital 
storage you 
can capture 
events which 
are difficult if 
not impossible 
to see on con- 
: ventional scopes. 
Pre and post trigger 
events. Fast transients. 


Copyright © 1988, Tektronix, Inc. All rights reserved. TAD-903A 
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real-time advantage. 


The affordable portables. Features 2230 2221 2220 2210 
These are the world’s best-selling Gig- Bandwidth 100MHz 60MHz  60MHz 50 MHz 
ital storage oscilloscopes. And with —Max. poe 20MS/s_  20MS/s_—_ 20 MS/s_— 20 MS/s 
the new 50 MHz Tek 2210 joining the {oo 


8-12 bits 8-10 bits 8 bits 8 bits 


family, theres now an even better — Resolution 

selection—in bandwidth, perform- peek aK 4K ak 4K 

ance and price. Glitch Capture 100ns —-100ns_—'100 ns No 
Select for advanced features SUCN CrTReadout) Yes ce <e 7 

as 100 ns glitch capture at any Sweep Cursors . 

speed, CRT readout, measurement Gttione “= be No 

CUISOIS, multiple acquisition modes Warranty 3-years on labor and parts including CRT 


and hardcopy output, plus optional Price 
GPIB or RS-232C interfaces and i 
software. | 
These scopes are perfect for 
first-time digital users. And sea- 
soned operators will appreciate 
even more their versatility, con- 
venience and value. All backed 


$4995 $3995 $2995 $2395 


Each scope offers a range of 
capabilities you’d expect to 
find only in much more 
expensive instruments. 


by Tek quality and a 3-year warranty. 
Discover the potential. Let Tek 
show you what you're missing... with- 
out making you give up analog to see 
it. That's the real-time advantage of 
Tek digital storage. 
For easy ordering or more infor- 
mation call Tek Direct: 


-800-426-2200 


VISA, MasterCard 


Tektron 


COMMITTED TO EXCELLENCE 
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HARTING/ Austria, Vienna, Tel. 0222-686818-0 - HARTING/Belgium, Relegem, Tel. 02-465.42.40 - HARTING/France, Fontenay-sous-Bois Cedex, Tel. (1) 48770626 
HARTING/Great Britain, Biggin Hill, Tel. (0959) 71411 - HARTING/Italy, Pioltello (Milan), Tel. 02-92100847 - HARTING/Japan, Yokohama, Tel. 045-931.5718 
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A SINGLE WHITE 
ELEPHANT CAN 
PRODUCE 
AN OPERATIONAL 
DISASTER. 


Elephants may not be the smartest, 
but hundreds or even thousands of 
them can link up to cover immense 
distances as a perfectly coordinated 
entity. They can do it with an effi- 
ciency that’s often lacking in modern 
industry. Because, in nature and in 
industry, a single white elephant can 
produce an operational disaster. 


That’s why we at HARTING produce 

a complete line of connectors for 
virtually all applications found in the 
electronics industry. Electronic controls 
and instrumentation, telecommunica- 
tions, robotized production technology 
and industrial automation are typical 
areas involving state-of-the-art 
technology where users of high-tech 
electronics equipment and systems 
can't afford white elephants. Especially 
when it comes to connectors. 


HARTING’s HAN® Industrial Connectors, 
IDC Connectors, 
D-Sub Connectors 
and PCB 
Connectors are all 
designed and 
engineered - 
» to cover a wide 
range of high-tech applications, but 
we also use the latest high-tech production 
methods and equipment ourselves to produce 
_ our connectors. After all, we 
make sure that each connector that 
leaves. our plant delivers on the job what it 
promises on the 
drawing board. 


World headquarters: 
HARTING ELEKTRONIK GmbH 
P 0. Box 1140 - D-4992 Espelkamp 
West Germany 
@ (05772) 47-1 - (Tx) 972310-11 he d 


CONNECT UP WITH QUALITY - 
WITH HARTING. 


sis 
HARTING 


Seyagan HARTING/Netherlands, AM Etten-Leur, Tel. 01-608-354 00 - HARTING/Norway, Oslo, Tel. 02-64 75 90 - HARTING/Sweden, Spanga, 
Tel. (08) 7617980 - HARTING/Switzerland, Schwerzenbach, Tel. 01-8 255151 - HARTING/USA, Chicago, Tel. (312) 519-7700 
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AMD is introducing 17 low power Contact us and ask for the Specialty 
CMOS FIFOs. Memory Data Book and find out about 
They come in a broad range of speeds your favorite FIFO. And another and 
and densities. Even architectures for special- another and another 
ized applications. 


And they're all available now. Advanced Micro Devices £1 


For more information write“CMOS FIFO” on your letterhead and mail to: PO. Box 4, Westbury-on-Trym, Bristol BS9 3DS, United Kingdom. 
Bruxelles (02-2) 771 91 42 * Hannover area (0511) 73 60 85 * Hong Kong (5) 8654525 * London area (04862) 22121 * Manchester area (0925) 828008 + Milano (02) 3533241 * Miinchen (089) 41 14-0 * Osaka (06) 


243-3250 * Paris (1) 49 75 10 10 * Seoul (02) 784-7598 + Singapore (65) 225 7544 * Stockholm (08) 733 03 50 * Stuttgart (0711) 62 33 77 + Taiwan (02) 7122066 « Tokyo (03) 345-8241 + Latin America, Fort Lauderdale, 
Florida/USA. Tel: (305) 484-8600 Tlx: (510) 955-4261 amd ftl © 1988 Advanced Micro Devices, Inc. 
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Sorry, no checks 
for Intel ICE. 


> Supports the new 16 MHz 80C186 and 80C188 as well as other Intel CPUs 
at full speeds with no wait states 


P VALIDATE/Soft-Scope is a complete in-circuit source level debugger that 
shows variables, data structures and assembly instructions 


P VALIDATE/Soft-Scope has in-circuit source level debug capability in | 


286 protect mode 


P Tool chain supports Microsoft C 


(Also other versions of C and Pascal, FORTRAN, PL/M, Assembler, Jovial) 


P Add processor support by merely adding emulator board and probe module 


P Has unlimited breakpoint capability 


P Over a megabyte of overlay memory is available 


Just because you've bought one 
of those great Intel chips is no reason 
to buy Intel development tools. 

Why? Because Applied 
Microsystems is better. That’s a fact. 
Our checklist proves it. 

Intel chips are state-of-the-art, 
but their development tools aren't. 
Compared to ours, Intel's ICE is lim- 
ited, slow and awkward. 

If you want to design, debug 
and integrate your target system faster, 
easier and more completely, you need 
to turn to Applied Microsystems. It’s 
the only comprehensive solution in 
the business. Which includes not only 
the most complete and most reliable 


tool chain, but also all the help you 
need from our field applications engi- 
neers and sales engineers. 

Whats more, we keep adding 
more checks to our list. Like dynamic 
trace that lets you review performance 
while the target is still running. And 
we use an SCSI interface that down- 
loads code at disk speeds 20 times 
faster than RS232 connections. We 
offer performance measurement 
capability without making you spend 
an extra $10,000. 

As you can plainly see, there's 
only one development environment 
really worth checking out. 

To find out more, call toll free 


In Europe contact Applied Microsystems Corporation Ltd., Chiltern Court, High Street, Wendover, Aylesbury, Bucks, HP22 6EP, United Kingdom. 


Call 44-0)-296-625462. 


In Japan contact Applied Microsystems Japan, Ltd., Nihon Seimei Nishi-Gotanda Building, 7-24-5 Nishi-Gotanda Shinagawa-K U, Tokyo T 141 Japan. 


Call 03-493-0770. 
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(800) 426-3925. (In Washington 
(206) 882-2000.) Or write Applied 
Microsystems Corporation, P.O. Box 
97002, Redmond, Washington, USA 


‘ii 


Applied 
Microsystems 
Corporation 
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READERS? CHOICE 


Of all the new products covered in EDN’s June 23, 1988, issue, the ones reprinted here generated the most 
reader requests for additional information. If you missed them the first time, find out what makes them special: 
Just circle the appropriate numbers on the Information Retrieval Service card, refer to the indicated pages in 
our June 23, 1988, issue, or use EDN’s Express Request service. 


OPTICAL-DISK DRIVES 
The 3’4-in. Fiji disk drive and the 
5'4-in. Tahiti I disk drive employ 
erasable magneto-optic recording 
technology and store 160M and 1G 
bytes of information, respectively 
(pg 98). 

Maxtor Corp. 

Circle No 601 


A HANDHELD DMMs 
The DM Series handheld autoranging digital multime- 
ters comprise four models that provide 4- or 4’4-digit 
resolution (pg 258). 

Grundig AG. 

Circle No 605 
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< INDUCTORS © 


RL5118 Series controlled-saturation toroidal inductors 
are available in five core sizes that .range from 1 to 
5600 wH with current ratings of 2 to 22A (pg 188). 
Renco Electronics Inc. 

Circle No 602 


A PRECISION OP AMPS 
The dual LT1078 and quad LT1079 
op amps operate from a 5V supply 
and consume only 50 wA per ampli- 
fier (pg 222). 

Linear Technology Corp. 

Circle No 603 


A TOUCHSCREEN DRIVER 


Touch WindowsDriver lets you use 
a touchscreen instead of a mouse 
to operate any software that runs 
under Microsoft’s Windows 

(pg 244), 

Micro Touch Systems Ine. 

Circle No 604 
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AMD and Siemens have signed an Interface. It gives you a cost effective way of 
agreement to work together on ISDN. They'll interconnecting chips into any ISDN ee. 
co-develop, manufacture and offer support tion. | a ae 

for a line of components for terminals and This interface was jointly defines | and ae 
switching applications. Allthe parts aresec- supported by lots of system manu facturers | 
ond sourced. And that should make your life — including companies like Sahel: Ttaltel, Ple 

a lot easier Sey, and of COUTSe, gels 
ISDN voi “efoto me 


We're ready when you a 
Today, were offering fifteen proven 
_ISDN devices for terminal and switching de- 
signs. With more to come soon. ae 
__ And this family of devices is modular. 00 V 
Future advances will fit right into your systems 
_ without redesigns. _ | 
; Reach out and touch some | 
development tools. 


supported hardware and software devel 
-ment tools, too. For example, we've got — 
in 1k3™ I DI \ N deve opment software 


es 


"Bruxelles (022) 77) 91 42 « ee 7 fy (0511) 73 60 85 «| 
(04862) 22121 : Milano (0: 
Osaka {06} 243 3250 « + Paris (1) 49 7 10 0: Seoul A. 


r the Tektronix Tek 4208 
terminal made of Bayblend 


If you’re looking for the right material, why 
not do as the design engineering department 
of Tektronix did: talk to Bayer! 


For the housing of the Tek 4208 colour graph- 
ics terminal, Tektronix, Inc. - a leading manu- 
facturer of computer graphics terminals and 
workstations - uses Bayblend. This thermo- 
plastic is noted for its high impact strength, 
dimensional stability and flame retardanc 
particularly good flowability, excellent surface 
finish and ease of processing. 


Bayer has one of the world’s biggest 
ranges of high-performance engineering 
plastics: 


® Apec (PAR), °Bayblend (PC + ABS) 
®Bayfol (PC blend film), °Baygal/°Baymidur 
(PU casting resins), °Desmopan (TPU) 
®Durethan (PA6, PA66), °Leguval (UP), 
®Tekutherm (EP), °Makroblend (PC blends), 
®Makrofol (PC film), °Makrolon (PC), 
®Novodur (ABS), ®Petlon (PET), °Pocan 
(PBT), °Tedur (PPS) 


Whether it’s impact strength, flame retardancy 
or some other property you need: 


Talk to Bayer, and together we'll find the 
answer to your material problems. 


If you’d like more details, we’ll be happy to 
oblige. Just write to: 


Bayer AG, AV-Informationsvermittlung 
Postfach 80 0149, D-5000 Koln 80 
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Plastics Business Group 


Bayer ¢) 
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Percentage of respondents 


ITEM 
TRANSFORMERS 
Toroidal 

Pot-Core 
Laminate (power) 
CONNECTORS 
Military panel 
Flat/Cable 
Multi-pin circular 
PC (2-piece) 
RF/Coaxial 
Socket 

Terminal blocks 
Edge card 
D-Subminiature 
Rack & panel 
Power 

PRINTED CIRCUIT BOARDS 
Single sided 

Double sided 
Multi-layer 
Prototype 
RESISTORS 

Carbon film 

Carbon composition 
Metal film 

Metal oxide 
Wirewound 
Potentiometers 
Networks 


FUSES 
SWITCHES 
Pushbutton 
Rotary 
Rocker 
Thumbwheel 
Snap action 
Momentary 
Dual-in-line 
WIRE AND CABLE 
Coaxial 

Flat ribbon 
Multiconductor 
Hookup 

Wirewrap 

Power cords 
POWER SUPPLIES 
Switcher 

Linear 


CIRCUIT BREAKERS 
HEAT SINKS 
BATTERIES 


Lithium coin cells 

QV alkaline 

Real-time clock back-up 
RELAYS 

General purpose 

PC board 
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ITEM 

Dry reed 
Mercury 
Solid state 
DISCRETE SEMICONDUCTORS 
Diode 

Zener 

Thyristor 

Small signal transistor 
MOSFET 

Power, bipolar 
INTEGRATED CIRCUITS, DIGITAL 
Advanced CMOS 
CMOS 

TUL 

LS 

INTEGRATED CIRCUITS, LINEAR 
Communication/Circuit 
OP amplifier 

Voltage reguiator 
MEMORY CIRCUITS 
DRAM 16K 

DRAM 64K 

DRAM 256K 

DRAM 1M-bit 

SRAM 4K x 4 

SRAM 8K x 8 

SRAM 2K x 8 
ROM/PROM 

EPROM 64K 

EPROM 256K 

EPROM 1M-bit 
EEPROM 16K 
EEPROM 64K 
DISPLAYS 

Panel meters 
Fluorescent 
Incandescent 

LED 

Liquid crystal 
MICROPROCESSOR ICs 
8-bit 

16-bit 

32-bit 

FUNCTION PACKAGES 
Amplifier . 
Converter, analog to digital 
Converter, digital to analog — 


LINE FILTERS 
CAPACITORS 


Ceramic monolithic 
Ceramic disc 

Film 

Aluminum electrolytic 
Tantalum 


INDUCTORS 
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Source: Electronics Purchasing Magazine’s survey of buyers. 
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@ PLESSEY 


Were eliminating 
the competition 
with something 

everyone else seems 
to have forgotten 
you need... 


Plessey - Unsurpassed 
Process Technology 


As system design becomes more and 
more challenging, and product life 
cycles become increasingly shorter, 
design flexibility and getting it right the 
first time have become critical factors 
in gaining and maintaining that max- 
imum performance edge you’ve been 
looking for. 

Plessey’s investment in advanced 
process technology is unequaled in the 
industry. Successive reductions in 
feature size and continued improve- 
ment in process techniques are at the 
heart of leading-edge Plessey products. 


PLESSEY and the Plessey symbol are trademarks of the Plessey Com- 
pany, PLC. 
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Plessey - The Ultimate in 
ASIC Technology 


Our broad range of ASIC products 
has grown to the point where we are 
now able to meet all the needs of ASIC 
users. We offer a full ASIC product 
range with a variety of options for 
digital, analog and mixed analog/digital 
applications, in gate arrays, standard 
cells, and full-custom. Advanced, state- 
of-the-art processes in fine geometry, 
high-density CMOS, bipolar and ECL 
technologies give you the highest levels 


of performance and system integration 
available today. 


Plessey - Unparalleled 
CAD Support 


The Plessey Design System (PDS) is a 
comprehensive suite of software em- 


bracing the design, simulation and im- 
plementation of gate arrays, standard 
cell and compiled ASICs in CMOS and 
bipolar technologies. 

Customers who want to use their 
own CAD workstations or simulators 
are accommodated by flexible design in- 
terfaces at various stages into PDS. 


Plessey - Standard Products 
And Discrete Components 


Plessey’s standard product family of- 
fers the highest performance product 
range available in the world today. 
Capabilities range from CMOS DSP 
devices operating in excess of 20MHz to 
the world’s most advanced 1.3GHz 
monolithic log amplifier. 

High performance solutions are also 
offered in radio communications, digital 
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e that gives you the edge. 


frequency synthesis, data conversion, 
telecommunications, data communica- 
tions and consumer products. 

Complementing the standard IC 
family, Plessey manufactures a com- 
plete line of discrete components in- 
cluding FETs, transistors and diodes 
available in SOT-23 and TO-92 
packages. 


Plessey - Over Two Decades 
Of Quality Commitment 


For more than 20 years, Plessey 
Semiconductors has been commited to 
supplying the latest technology, highest 
quality, and highest performance 
semiconductor products in the in- 
dustry. With our unique combination 
of CAD support, major advances in pro- 
cess technology, and the most advanc- 
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ed research facility in the world, 
Plessey Semiconductors is, today, a 
totally commited leader in the industry. 


To learn more 
on how Plessey can 
help you achieve 
the maximum per- 
formance that 
gives you the 
edge, send for 
our new comp- | 
rehensive, full 
color, 72-page 
short form 
brochure, 
or call Plessey 
Semiconductors today. 


In North America call 1-800-441-5665. 
Outside North America call 44-793-726666. 
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For further information you can write 
to us at one of the following addresses: 


Plessey Semiconductors 
1500 Green Hills Road 
Scotts Valley, CA 95066 
U.S.A. 


Plessey Semiconductors Ltd. 
Cheney Manor, Swindon 
Wiltshire SN2 2QW 

United Kingdom 


© PLESSEY 


|... 
Be An Author! 


When you write for EDN, you earn professional recognition. And you earn $75 
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Promises, Promises. 


Everybody promises, but nobody delivers a real- Prove it to yourself. Read the screens below. Then ask 
time, emulator-based C-debug environment like Arium’s any other development system—standalone or host 
ECHO. 16-bit, true multitasking and UNIX™ based, control—to match them. We’!l wait. 

ECHO gives you more power, speed and menu-driven Now you know a few reasons (and there are plenty 
features to handle the 68000 and other pPs betterthan more) why ECHO should be your emulation tool for 
the HP 64000, or anything else. today’s increasingly complicated software debugging. 

Just words, you say, promises like all the rest? : 


TimeStamp™ and variable display are two 
Code Preview™ lets you see where your code Stack-Relative Trigger lets you trigger on further features that are a must for real-time 
is going. You can follow calls and branches the addresses and values of stack-relative C-debug. Note the display of two instances 
(to 99 levels) on the screen, to select the variables—a “must” for effective C-debug of a structure in array “starray.” The contents 
source line on which to trigger, then setand _ where the address of an automatic variable _ of these structures, as for any C variable, 
break in one keystroke! The highlighted is different each time the function is called can be changed right on the screen. 
trace display (in source) and stack trace and is determined at execution. Here, a read 
window show the path your program took. of the local variable “nrecur” is included in 


the trigger sequence. 
For a demonstration call 
800/862-7486 (CA 714/978-9531) 


See us at Wescon booth #3069 


NACORPORATION 
1931 Wright Circle, Anaheim, CA 92806 


UNIX is a registered trademark of AT&T. 
CIRCLE NO 215 


SPECIAL REPORT 


~ PChbased 
logic analyzers 


Logic analyzers that incorporate or depend on 
personal computers have added a new twist to 
selecting the most appropriate instrument for a 
specific application. No longer are performance and 
cost the only issues you must consider. Now, you 


need to factor in who will be using the analyzer, how 
often, and for what purpose. 


Dan Strassberg, Associate Editor 


f the term “PC-based logic analyzer” conjures up 
an image of a low-cost instrument on a card, per- 
haps you aren’t aware of the varied guises that 
a PC-based logic analyzer can assume. To be sure, 
many analyzers that can’t function without a personal 
computer—or that incorporate a fully functional PC— 
are available as plug-in boards for less than $2000 (a 
figure that’s only half the cost of low-end stand-alone 
units). But there’s also a collection of expensive, spe- 
cialized products with features you’d be hard pressed 
to find in non-PC-based instruments. The least expen- 
sive PC-based analyzers, BitWise Design’s Logic-20/8 
and Advanced Microcomputer Systems’ PCLogic 108, 
sell for $495. At the other end of the spectrum, Gould’s 
K450M, configured with an awe-inspiring 40M words 
of data memory on 64 channels (the equivalent of nearly 
“8G bytes of RAM), carries a price tag of $287,000. 
Although there are plenty of suppliers of PC-based 
logic analyzers to choose from, you may be surprised 
by the logic-analyzer vendors that don’t currently offer 
PC-based products. In this latter group, you’ll find the 
industry’s major players, Hewlett-Packard and 
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Tektronix. You'll also find Arium Corp of Anaheim, 
CA, a company whose low-cost, stand-alone units have 
helped to transform logic analyzers from intimidating, 
infrequently used departmental resources to tools that 
many logic designers routinely employ. You should be 
aware, however, that Arium’s most recent offering, 
the ML4400, albeit not designed to depend on a PC, 
can team up with a PC if you so desire. 


They’ve put PCs inside logic analyzers 

Stand-alone analyzers that incorporate PCs—like 
Fluke/Philips’ PM 3655 and Kontron’s PLA-286-02— 
may appear to offer the advantages of both worlds, 
but only you can evaluate how well their performance, 
features, and price meet the needs of your application. 
(Actually, PC-based logic analyzers trace their roots 
to antecedents of the Fluke/Philips and Kontron prod- 
ucts. For a brief look at the history of PC-based analyz- 
ers, refer to the box, “PC-based logic analyzers: past 
and present,” and for a glimpse of what may be in 
store, see the box, “Make way for Mac-based analyz- 
ers.”’) 
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The PC’s open architecture and the mix-and-match 
versatility it engenders provide a partial insight into 
the reasoning behind the development of PC-based 
logic analyzers—and other PC-based instruments. 
First of all, every logic analyzer includes a microproces- 


sor and memory; every logic analyzer requires some 
sort of keyboard or panel controls; and every logic 
analyzer needs a display with alphanumeric and 
graphic capabilities. Because these items are part of a 
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Some PC-based logic analyzers now let you open up multi- 
ple on-screen windows and thereby gain access to functions 
that once required separate stand-alone instruments. 

(Phote courtesy Orion Instruments) 


LSMarse 12:14 pm 


ert 


PC, they are “free” to designers of PC-based instru- 
ments. 

A PC also includes a power supply, which may or 
may not prove adequate for powering a logic analyzer. 
And, it incorporates one or more disk drives that can 
be useful for storing and recalling data. In addition, 
most PCs’ real-time clocks can, with appropriate soft- 
ware, record the time at which you acquire a block of 
data. For communication with other computers, 


135 


Bundling a logic analyzer on a PC bus card 
with a “luggable” PC, as Dolch does with its 
Cobra-PA480, creates a portable system with 
lots of expansion potential. 


whether for postprocessing of files or for archival stor- 
age, personal computers have RS-232C ports and, op- 
tionally, IEEE-488 ports. All of these features are 
ones that users of logic analyzers often request. 


Help is on the way 

PCs don’t just represent a collection of useful hard- 
ware. From a user’s point of view, PC-based software 
also possesses often-sought-after ease-of-use features. 
Context-sensitive help, for instance, is a characteristic 
of much software that runs on PCs. 

Because the earliest logic analyzers were anything 
but easy to use, they acquired—and have never really 
been able to shake off—a reputation for user hostility. 
Manufacturers of PC-based logic analyzers believe that 
built-in context-sensitive help screens are the key to 
helping infrequent logic-analyzer users quickly feel at 
ease. The vendors also believe that the PC-based ana- 
lyzers’ user friendliness, coupled with generally low 
prices, will create a mushrooming demand for the prod- 
ucts. They envision increasing numbers of engineers 


losing their fear of logic analyzers and requisitioning 


units for their own lab benches. , 

Vendors of stand-alone units, on the other hand, 
assert that a PC isn’t necessary to display context- 
sensitive help screens. They back up their contention 
with the fact that several stand-alone logic analyzers 
contain such help facilities in their firmware. 

Software that was developed for purposes quite dif- 
ferent from engineering has also played a role in the 
acceptance of PC-based instruments. PCs are, without 
a doubt, invaluable for writing reports, making calcula- 
tions, and developing software. In system-debugging 
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applications, your collection of notes documenting ex- 
actly what you did to achieve a specific result are also 
invaluable. With a PC-based logic analyzer, you can 
use many TSR (terminate-and-stay-resident) notepad 
programs to jot down test conditions and save them 
to disk—alongside the files that contain the actual data. 
You can make the TSR utilities pop up on screen at 
the press of a “hotkey” (ALT-F7, for example), and 
dispense with your trusty 8’4x 11-in. lab notebook. 

You should bear in mind that the amount of memory 
you have available in your PC can affect your ability 
to use memory-resident TSR programs with your logic 
analyzer’s software. A few PC-based logic-analyzer 
vendors say that their software requires considerably 
less than the 640k bytes of RAM that MS-DOS nor- 
mally supports (an amount that nearly all MS-DOS- 
based PCs now possess), but many require the full 
640k bytes. Very little of the logic-analyzer software 
in Table 1 can make use of memory beyond 640k bytes. 

There are two standards that enable MS-DOS to 
support more than 640k bytes of RAM: the extended- 
memory schemes of PCs based on 80286 and 80386 
Ps, and the expanded-memory schemes that all MS- 
DOS-based PCs can use. To use either of these stan- 
dards, however, the memory must be present and the 
software must support it. The current standard that 
governs the design of expanded memory and the way 
that software accesses it is LIM EMS 4.0 (Lotus/Intel/ 
Microsoft expanded memory specification version 4.0). 
The earlier standard that formed the basis for LIM 
EMS 4.0 was EEMS (enhanced expanded memory 
specification). 

Of course, context-sensitive help screens and pop-up 
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The rationale behind some companies’ decisions not 
to offer PC-based logic analyzers is significant—as 1s 
that of the companies that do offer them. 
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Stand-alone analyzers that incorporate PCs appear 
to be ideal, but compare them against other analyzers 
to see if they are the best choice for you. 


TSR notepad programs aren’t the only kinds of soft- 
ware available to simplify the use of PC-based logic 
analyzers. Setting up a logic analyzer, for instance, 
especially for timing analysis, can be a rather painful 
experience. Connecting a large number of probes to 
the correct circuit nodes is a time-consuming, error- 
prone operation. Outlook Technology, whose T-100A 
timing analyzer is one of the specialized PC-based in- 
struments listed in Table 1, recently introduced its 
Logic Probe software (Ref 1). Using Logic Probe, you 
can obtain a lot of information about the probe setup 
at a glance. Logic Probe’s goal is to reduce setup time 
and to minimize setup errors, particularly those you 
don’t discover until you start to review your data— 
after you think you’ve completed data acquisition. 
Unfortunately, one of the tools that helped to make 
PC-based analog data acquisition so popular is not yet 
available for PC-based logic analysis. Asyst Technolo- 
gies’ (Rochester, NY) Asyst and National Instruments’ 


(Austin, TX) Lab Windows are examples of third-party 
software that controls the acquisition of data and proc- 
esses it afterwards. To the best of this author’s knowl- 
edge, there aren’t any logic-analyzer vendors who offer 
software packages for postprocessing of logic-analyzer 
data that has been captured in disk files. 

According to Hewlett-Packard, logic-analyzer users 
at this point in time simply aren’t demanding prepack- 
aged postprocessors. If users did want such software, 
they’d have a problem. Each logic-analyzer vendor uses 
a different file format for storing data on disk. Such a 
lack of standardization inhibits third-party software 
development, even though, if the demand were strong, 


Putting a 40-channel logic analyzer on a single PC bus card is 
no small feat, as BitWise Designs’ LAC shows. You can add RAM 
to capture 64k-word samples and add cards to achieve as many as 
3820 channels. 


vendors would respond. 

When deciding whether a PC-based logic analyzer 
is right for your application, you can’t just think about 
the advantages that the software offers. Packaging can 
be very important to an instrument’s usability. For 
example, if you’re likely to use the analyzer for debug- 
ging physically large systems in a production test area, 
you should be concerned about size and portability. 


_ Mae. One oh would be to 

_ package the analyzer in an exter- 
_ nal box that talks to any Macin- 
/ ie _ tosh via its RS-422 port. The © 

. other approach—placing the ana- 

___ lyzer or a proprietary analyzer i in- 
terface on a Nubus I/O card— _ 
would work only with the Macin- 
tosh II and any slotted Macs in- 
_ troduced in the future. 
____ Because the Macintosh line is_ 
popular with many users of low- 
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A PC allows the addition of artificial intelligence to a logic ana- 
lyzer. Array Analysis’ Expertest 1000 “learns” how to diagnose 
faults in boards. 


Even though most logic analyzers—stand-alone or PC- 
based—use pods that connect to the instrument via a 
ribbon cable, you can think of a stand-alone logic ana- 
lyzer as consisting of a self-contained portable unit. 
When housed in a conventional desktop PC, even logic 
analyzers residing on a single PC bus card aren't port- 
able. 


You can put a logic analyzer in your PC 

You may, however, be able to house such card-level 
instruments in a sewing-machine-size “luggable” PC 
having an LCD or an electroluminescent display. You 
need to check with the logic-analyzer vendor to make 
sure that you can procure software driver modules for 
the type of display you want to use. Most flat-panel 
displays of this type have resolutions different from 
those of the standards to which MS-DOS-based PCs 
conform when driving CRT displays. 

If you buy the logic analyzer and the portable PC 
as a single package, you should be able to forget about 
such potential incompatibilities. Dolch American’s Co- 
bra-PA480 and BitWise Design’s System-40 are good 
examples. 

Fluke/Philips, with its PM 3655, and Kontron, with 
its PLA-286-02, take a somewhat different tack in re- 
solving PC-based logic-analyzer packaging issues. In- 
stead of designing their logic analyzers to mount in 
existing PCs, Kontron and Philips designed fully func- 
tional, MS-DOS-based PCs with expansion slots to 
spare around their logic analyzers. (In the world of 
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MS-DOS, a fully functional PC is one that can run a 
specific ensemble of programs, thus verifying the com- 
patibility of the hardware with commonly used soft- 
ware.) With this approach, Kontron and Philips have 
more room for the logic-analyzer circuitry. They can 
size the power supply and the enclosure’s cooling to 
accommodate the logic analyzer rather than designing 
the logic analyzer to work with the PC’s power supplies 
and fans. And, they can more easily shield the analyzer 
against the rather hostile, noisy environment within a 
PC. 

If your department decides to opt for a single-unit 
logic-analyzer-cum-PC and use it not only for logic 
analysis but also for conventional PC tasks (word proc- 
essing or manipulating spreadsheets, for example), the 
problem of contending for use of the instrument will 
surface. The issue of who gets to use the shared re- 
source is not confined to PC-based logic analyzers pack- 
aged as single units, though. Unless a PC-based logic 
analyzer is housed in an enclosure separate from the 
PC’s and is connected to the computer through a stan- 
dard port (such as an RS-232C port), or unless you’re 
willing to disassemble the PC to liberate a single-card 
logic analyzer or a proprietary logic-analyzer interface 
card buried inside, you won’t be able to use the ana- 
lyzer while someone else is using the PC. And even if 
you can free up the analyzer, you'll need to connect it 
to another PC to make it work. Table 1 indicates how 
each logic analyzer interfaces to its host PC. 

Although perceptions may be changing, several ven- 


dors have expressed the opinion that many of their 
Text continued on pg 142 


PC-based logic analyzers such as Gould’s K450M can accommodate 
40M 64-bit words of RAM. 
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TABLE 1—REPRESENTATIVE PC-BASED LOGIC ANALYZERS 


CAN USE TYPE OF SUPPORTED 
BASE MAX RAM PAST| INTERFACE DISK 
PRICE | INCLUDES BASE MAX PRICE | OPTIONAL [TRIGGER 640k (ANALYZER | GRAPHICS | FORMATS /HARD DISK 
COMPANY MODEL (US) |COMPUTER?;ICHANNELSICHANNELS| (US) PODS LEVELS; CPU! BYTES? TOC 2| (BYTES) jREQUIRED? 


BITWISE LOGIC-20/8| $495 $495 |20-MHz DSO,| | bie 
DESIGNS Ae lek. 


LOGIC-20 | $1295 $2190 | 8-CHANNEL/ 512k 
: BYTES 
DISASSEM- 
BLY, $395 


LOGIC-100 | $1745 $2895 |4-CHANNEL/ 
100 MHz IS 
STANDARD 
oe ae 2 


SAME AS | SAME AS 
ABOVE ABOVE 


SAME AS SUG- 
HGC, VGA ABOVE GESTED 


LAC PACKAGED IN A SEWING-MACHINE-SIZE PORTABLE COMPUTER WITH 


PC-52 $1299 2 


oS 


PC BUS MDA, CGA, | 360, 720k, 
EGA 1.2M 
PC BUS SAME AS SAME AS NO 
ABOVE ABOVE 
PC BUS SAME AS SAME AS 
ABOVE ABOVE 


HILELVEL 


LINK LA 27100 | $1299 24 72 N/S Six — +E S100 
COMPUTER fe 


LA 27200 | $1899 72 $5247 N/S 384k PC BUS SAME AS SAME AS 
a : . BYTES ABOVE ABOVE 


$9370 MICROCASE 
PARALLEL 
INTERFACE 
INCLUDED 


THE LAW-16IU (BASE PRICE $7985) IS SIMILAR TO THE LAW-SIU EXCEPT THAT THE BASE CONFIGURATION INCLUDES 48 STA 


OMNILOGIC 20200 | $1995 16 $2845 | TTLICMOS, | 

INC $275: VARI- 
RELAY- _ 
LOGIC, $375 


4000B $1995 $3450 | SAME AS 
“ ABOVE 
$4800 2 RIABLE 


pP-SPECIFIC, 
TO 


CHANNELS. THE LAW-32/U| 


-232C CGA, EGA, 
HGC 


PC BUS CGA, EGA | SAME AS 
ABOVE 


OUTLOOK 
TECHNOLOGY 


PC/AT 
BUS, 
IEEE-488 


- AND 
VARIABLE- 
LEVEL 


PARALLEL 
INTERFACE 
INCLUDED 


ENGINEERING 


STEP-50 | $14,000 NO 


MDA, CGA, YES, 
EGA 20-BYTE 


oo 
80 80 $14,000 N/S 4 SAME AS | SAME AS SAME AS CGA, EGA | SAME AS | SAME AS 
ABOVE ABOVE ABOVE ABOVE ABOVE 
KEY: N/A = NOT APPLICABLE: N/S = NOT SPECIFIED 
NOTES: 1. MAJOR ATTRIBUTES OF THE COMPUTER SUPPLIED, IF APPLICABLE, OR THOSE OF THE MINIMUM-ACCEPTABLE COMPUTER, IF THE ANALYZER VENDOR DOES NOT SUPPLY THE COM- 


PUTER. UNLESS NOTED, ALL UNITS WILL FUNCTION WITH AN 8088-BASED CPU OPERATING AT 4.77 MHz AND POSSESSING 640k BYTES OF RAM. IF THE COMPUTER HAS NO HARD DISK, 
IT SHOULD HAVE TWO FLOPPY-DISK DRIVES. 


2. MDA = MONOCHROME DISPLAY ADAPTER: CGA = COLOR GRAPHICS ADAPTER: EGA = ENHANCED GRAPHICS ADAPTER (COLOR), VGA = VIDEO GRAPHICS ARRAY (COLOR): HGC = 
HERCULES GRAPHICS CARD (MONOCHROME): MCGA = MULTICOLOR GRAPHICS ARRAY. 
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MAX AX POSSIBLE] THRESHOLD MEMORY DEPTH ICHANNELS] MAX GLITCH CAPTURE NO. OF ..Ps 


SAMPLE SAMPLE COMPATIBILIT Y|/TRANSI- OR USABLE [TIMING|MIN WIDTH! REDUCES |REDUCES| DIMEN- VENDOR SUP- 
RATE? RATE (MHz)/ |AND VARIABLE| TIONAL WITH MAX| SKEW |CAPTUREDICHANNELS/| MEMORY; SIONS ADDITIONAL PORT WITH DIS- 
NELS RANGE IMING?| BASE MAX MEMORY (|(nSEC); (nSEC) USABLE? | DEPTH? (IN.)4 FUNCTIONS PERFORMED | ASSEMBLERS 
WAVEFORM GENERATOR. | 3 BUSES 


3x4x0.75| SCOPE (WITH ANALOG NONE __ 
POD). 


3x5x0.75 82k-WORD MEMORY DEPTH) __ 6 FAMILIES 
FOR LOW-SPEED 
ACQUISITION. 


40/8 WITH 
40-MHz POD 


SAME AS SAME AS ABOVE. SAME AS 
ABOVE ABOVE 


TIME STAMPING; MORE N/S 
FUNCTIONS DESCRIBED 
N TEXT. 


SAME AS 
ABOVE 


AVAILABLE. 


allt WAI 


So) Dl SoA Del oll 
i. 


PERFORMANCE USER- 
ANALYZER: PATTERN- DEFINABLE 
GENERATOR INTERFACE. | DISASSEMBLY 


FN GENERATOR, | 


aE ERFORMANGE] 28 PLUS 1 BU 


200/6 SAME AS YES 18 N/A N/A N/A SAME AS sone NIS 
ABOVE ABOVE 


508 TIMING | 80 STATE: i 29 


4k STATE 16 TIMING 


100 TIMING; 
10 STATE 


100/16 SAME AS SAME 
ABOVE 


SIGNATURE ANALYZER. NIS 
90-MHz PATTERN 
GENERATOR OPTIONAL. 


2000/4 TTL, BCL, 
—10 TO 10 IN 


10-mV STEPS 


VIOLATION DETECTOR; 
16-GHz SYNCHRONOUS 
HARMONIC SAMPLING 


PERFORMANCE ANALYZER|| USER-DEFINED — 
ROM/PROM EMULATION: | DISASSEMBLY 


SYNCHRO- Bie 
NOUS ONLY 

— STATE 
ANALYZER 


BIT-SLICE SUPPORT; (SEE TEXT) 
CLOCK CONTROL. 
80/20 Te NO 4k 4k 80 N/S N/S N/S 19x25x5 | SAME AS ABOVE EXCEPT SAME AS 
FOR CLOCK CONTROL. ABOVE 


3. WITHOUT REDUCING NUMBER OF USABLE CHANNELS. 
4. PORTION EXTERNAL TO COMPUTER. 

5. USING EQUIVALENT-TIME SAMPLING. 

6. FORMERLY NORTHWEST INSTRUMENT SYSTEMS, INC. 

7. THERE ARE TWO GLITCH-CAPTURE MODES: “GLITCH-ONLY’’ REDUCES CHANNELS BY 1/2; “GLITCH + DATA’ DOES NOT REDUCE CHANNELS. 
8 ANALYZER SUPPORTS GLITCH DETECTION ON FOUR CHANNELS WHILE SAMPLING EIGHT CHANNELS. 
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The open architecture and “‘mix-and-match”’ 
versatility of the PC provide only a partial insight 
into the reasoning behind the development of PC- 

based logic analyzers. 


4) 
el 
a 
3 
od 
4 
~ 
a 


if 

i 
ee 
75 
i § 


a 


CUES 


It’s possible to design a PC around a logic 
analyzer, as Philips has done with the PM 
3655—sold in the US by John Fluke Mfg Co. 


customers view logic analyzers as insurance. If you 
regard a logic-analyzer purchase as a type of insurance 
policy, you should buy as much capability as you can 
afford, regardless of what you think you need right 
now: Beware of foregoing insurance that you may well 
need for future perils. If you consider the spectrum 
of instruments that qualify as PC-based logic analyzers, 
you can probably find one that meets your performance 
requirements, no matter how demanding they are, 
without going over your department’s budget. | 

Nonetheless, when evaluating logic-analyzer specifi- 
cations, you should understand the techniques that 
marketers employ to make their products look good 
on paper. This caveat applies to all logic analyzers—not 
just PC-based ones. 

For example, data sheets generally list a maximum 
acquisition speed and a channel capacity. Be sure to 
find out how many channels you can use when you are 
acquiring data at the maximum rate. To sample data 
at speeds higher than their normal maximum, many 
analyzers multiplex channels. Invoking an analyzer’s 
multiplexed mode reduces its channel capacity. (By 
the way, most logic-analyzer vendors express their in- 
struments’ sampling rates in MHz. Technically, MHz 
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is the wrong unit, and Megasamples/sec is correct. A 
logic-analyzer sampling-rate spec expressed in MHz 
isn’t likely to cause confusion, however. This is in con- 
trast to digital-oscilloscope specs, where both sampling 
rate—translated into Megasamples/sec—and analog 
bandwidth—correctly expressed in MHz—are perti- 
nent.) 


If you want glitch-capture capability 

Logic analyzers are sampled-data systems, and 
therefore they will miss events that occur between the 
instants when they sample. Glitch capture enables an 
analyzer to recognize spikes of a specified minimum 
width regardless of the sampling speed. If you’re in 
the market for a logic analyzer with glitch-capture ca- 
pability, find out if you can use all the channels or all 
the memory when using that feature. The use of glitch 
capture may force you to sacrifice channels or memory 
depth. Moreover, the way the analyzer displays the 
presence of a glitch can be misleading (Ref 2). 

When it comes to evaluating the sampling rate, take 
note of the instrument’s specs in both state- and timing- 
analysis modes. Very often, you'll find that, when an 
analyzer is performing state analysis, it can only ac- 
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For Absolute Reassurance 
About Extra-Wide Logic Analysis, 
There Are Onl 


SECURITY 


The DT3700 is specifically 
designed as a standard answer to 
testing problems considered by 
ATE systems designers to be too 
big for anything but custom logic 
state analyzer solutions. Real-time 
problems like: 


Testing a phased array radar; 


Validating the performance of an 
embedded flight computer; 
Improving the efficiency of 
super-computers; or 
Simultaneously triggering across 
more than 200 channels. 


Circle 17 for literature only 
©Copyright 1988, HILEVEL Technology, Inc. 


Two Choices. 


Introducing the DT3700. The ideal 
combination of speed, channel width and 
continuous data capture for dedicated 


ATE systems. 


Proven in over 200 applications 
involving speed-critical ATE and 
software development systems, the 
DT3700 offers up to 256 trace 
channels at 50MHz; 4K, 16K or 
continuous data capture with 16 
levels of unrestricted triggering; 
and four match patterns per level. 

If you need proven performance, 
and a wide choice of trace, trigger 
and breakpoint controls that 
expand failure isolation power, 
specify the HILEVEL DT3700. It's 
a small price to pay for absolute 
peace of mind. 


SPEED 


Circle 18 for demonstration 


WIDTH 


CONTINUOUS 
DATA CAPTURE 


DIAL TOLL FREE: 
1-800-HILEVEL | - 
In California, 1-800-541-ASIC 


At The Leading Edge 
Of Logic Analysis _ 


31 Technology Drive 
Irvine,CA 92718 
aa) 7202100 


Vendors believe that the PC-based analyzers’ user 
friendliness, coupled with generally low prices, will 
create a mushrooming demand for the products. 


An external cabinet housing Microcase’s Logic-Analysis Worksta- 
toon (LAW) Series connects to the PC bus through a proprietary 
parallel interface. 


quire data at a small fraction of its maximum rate. 
This limitation doesn’t apply to all logic analyzers, how- 
ever; you'll find both low-cost and high-performance 
units that sample just as rapidly in the state mode as 
in the timing mode. 

In addition to reading between the lines of an ana- 
lyzer’s data sheet, you'll also need to evaluate your 
need for specialized techniques and extra-cost options. 
Transitional timing, for instance, is a technique that 
some analyzers use to increase their effective memory 
depth without increasing the amount of memory they 
use. Instead of storing the logic state of each channel 
at each sampling point, an analyzer that employs tran- 
sitional timing identifies and stores only those samples 
of a signal where a state change occurs. Not only does 
transitional timing reduce the amount of memory an 
analyzer requires to store samples of a given depth, 
it also reduces the size of the disk files that store the 
captured data. 

You'll uncover many analyzers that can recognize 
words and trigger-on complex word sequences. Some 
analyzers can also filter data—that is they can avoid 
storing data that is of no interest. This ability, in effect, 
increases an analyzer’s memory. It also allows the ana- 
lyzer to display only relevant data and thus simplifies 
the interpretation of the displayed information (espe- 
cially in the state-analysis mode). The number of trig- 
ger levels listed in Table 1 is, for all intents and pur- 
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poses, the number of states that the trigger-control 
state machine can assume. 

Some analyzers—BitWise Designs’ LAC and Sys- 
tem-40, for example—use a RAM-based state machine 
rather than one based on a counter. At any state, a 
counter-based state machine can only hold its current 
state, move to the next state, or reset. A RAM-based 
state machine, on the other hand, can hold its state 


This briefcase-size unit may provide a glimpse of PC-based logic 
analyzers’ future. Orion’s Omnilab 9420A contains, besides the ana- 
lyzer, a scope, an RLC meter, a pattern generator, and an arbitrary- 
waveform generator. 
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Leasametric has everything you want 
in your test-equipment leasing company. 

Our inventory—representing more 
than 20,000 units, approaching nearly 
$100 million—is the best maintained in 
the industry. We offer state-of-the-art 
equipment from more than 80 top 
manufacturers. 

If we don't have the equipment you 
want, we'll make every effort to get it for 
you. And we'll usually deliver within 24 
hours. 

Plus, we guarantee the equipment 
you rent works when it gets there. Best 
of all, our full range of financing alter- 
natives make renting or leasing a sound 
business decision. 

Now-—and in the future—get the best 
names in the business. From the best 
name in the business. Leasametric. 


-800-593-22:¢ 


LEASAMETRI 


instrument Rental Division 


1164 Triton Drive 
Foster City, California 94404 


Count on us. 
CIRCLE NO 125 


Because the earliest logic analyzers were difficult to 
use, the instruments acquired—and have never really 
shaken off—a reputation for user hostility. 


or branch to any other state. Vendors of analyzers 
that contain RAM-based triggering logic claim that 
their trigger schemes offer greater flexibility than do 
those that do not. | 

Many vendors provide pods that simplify the chore 
of interfacing their logic analyzers to specific micro- 
processors. These pods are almost always extra-cost 


options, and the cost can be significant. Sometimes the 
pods perform rather sophisticated functions—for exam- 
ple, flushing pipelined instructions that fail to execute 
or demultiplexing address and data onto separate sig- 
nal lines—capabilities that come in especially handy 
for state analysis. Most vendors bundle disassemblers 
with the pods; you'll find that the disassemblers’ capa- 
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Trap tricky hardware and sof ware bugs, 


Powerful debug commands aren't 
worth much if they’re too difficult to 
use. We've designed the SA98 to 
trap bugs based on simple, well 
defined, and detailed commands. 
Quick Change Artistry | 
No more running up and down com- 
mand trees to change or modify an 
emulator condition. Change com- 
mands without stopping the emulator. 
Define in-depth breakpoints. Call up 
help menus and files as you need 
them. And you can go from 8- to 
32-bit microprocessors quickly. 

You Set the Rules : 
Define your own soft keys and 
macro commands. With the PC/AT 


Available for Rent through 


strument Rentals, Inc. 


or XT function keys configured for 
emulation functions, you can type in 
and modify commands directly. 
Powerful Commands 
The SA98 command structure is so 
powerful and precise, comparing it 
to other systems is tough on them. 
Let the power of the SA98 trap your 
toughest problems and break out of 
conventional traps. 
More Than Expected 
Call for a demonstration, and see 
how good a trap it really is. You'll 
see fast, well defined solutions. 
Call Toll-Free Today 
1-800-824-9294 (U.S.) 
1-800-824-6706 (CA) 


‘Dedicated to MDS/ICE 


__US. & European Headquarters: 
| SopbaSystems === 
Soa7 Kifer Road 
‘Santa Clara, CA 95051 (408) 
Corporate Headquarters: 
Sophia Systems Co., Ltd. 
NS Bidg. 8F 
2-4-1 Nishishinjuku, Shinjuku-ku 
Tokyo 160 03-348-7000 
©1988 Sophia Systems 
Sophia Systems is a registered trademark of — 
Sophia Systems Co., Ltd. 
ICE is a registered trademark of Intel Corporation. 
MDS is a registered trademark of 
Mohawk Data Science Corporation. 
IBM PC/AT and XT are registered trademarks 
of International Business Machines Corporation. 


The Connection 
is Made... 


The Global Market 


CMS and CMS SignMax now offers its world- 
wide customers over 40 years of experience 
producing the highest quality Molded-On 
products. Unleash the full potential of your 
products with Molded-On® 


Cable assemblies from CMS >=, y= 
and CMS SignMax. C \/ S 


e 
Component Manufacturing Services, Inc. < 


One Component Park Grand Canal Quay 
West Bridgewater, MA 02379 Dublin 2, Ireland 
FAX: 508-559-9893 FAX: 01-719002 
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Compare to LH Series TMF ! 


More power! Better specs! Better prices! 


@ Safety & EMI Go WS 
@ Form & function equal 
@ 2 year warranty 
@ Direct from stock 


Now for a limited time — purchase 


small quantities @ 100 piece price! 


Call Toll Free 1-800-523-2332 
TIEN EDIE ne 
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@ 42 models 
@ 1-5 outputs 
@ 5-48V, to 120A 


P.O. BOX 1369 @® WISSAHICKON AVENUE, NORTH WALES, PA 19454 
PHONE: 215/699-9261 TWX: 510/661-8061 


CIRCLE NO 95 


bilities vary widely. When you evaluate logic analyz- 
ers, you obviously need to know whether an instrument 
has (or can expand to contain) enough channels to han- 
dle the processors you are using or are likely to use. 
Table 2 contains a partial listing of processors and the 
number of channels that they require. In addition, you 
must find out if the vendor can furnish pods and disas- 
semblers for the processors you have in mind; or, if 
not, if there’s a configurable disassembler that you can 
customize for your needs. 

Until the day arrives when logic designs produced 
on CAE workstations perform flawlessly the first time 
you build them (and every subsequent time), debug- 
ging tools will be an important part of a digital design 
engineer’s arsenal. Although a logic analyzer often 
won't get you to the bottom of a problem without the 
help of additional instruments, it’s a very important 
tool. A PC-based logic analyzer may or may not be the 
best solution for you, but if performance, versatility, 
and economy are what you’re looking for, you owe it 
to yourself and your company to take a close look at 
PC-based analyzers. 
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ANNOUNCING: The EuroBus Conferences 


The European Bus/board Conferences and Expositions 


EuroBus/89 - Germany 


Munchen Sheraton 
Munich 


WHY THE EuroBus CONFERENCES? 


That rapidly-developing bus architectures are playing an 
increasingly important part in board-level microcomputer, 
sub-system, and systems development is a welcome fact of 
business life. Nowhere is this more true than in the 
European community, with emphasis added as Europe 
looks to the trade barrier changes due in 1992 and American 
companies turn to foreign trade for a competitive window. 


And, board-level marketing is becoming increasingly 
competitive, as new buses enter the picture (e.g., Futurebus, 
VXI, PiBus, and NuBus) and others contemplate the 
possibilities of 64-bit architecture and higher (the “Super- 
bus”’?) - | 

Perhaps even more so than in the U.S., Europe will be the 
“proving ground” for the various new and time-tested 
approaches. Certainly it is the best arena for applications 
comparisons. 


WHAT ARE THE EuroBus CONFERENCES? 


The EuroBus Conferences mean to be the information 
transfer vehicle bringing all of the architectures together 
under one roof, at one time, in a concentrated atmosphere 
of serious board-level customers, whose attention is not 
diverted by the sprawling mass of products found in 
horizontal trade shows. 


The EuroBus Conferences are technical meetings with 
relevant exhibits. Meaningful sessions and seminars-are 
designed to attract those who seek the information needed 
to make buying/specifying/design decisions. The educa- 
tional environment will not only foster understanding among 
the user community, but also enhance the sharing and 
escalation of technology advances among academic and 
industry participants. 


Direct contact with a full range of manufacturers of bus- 
oriented boards, systems and peripherals will precipitate 
on-the-spot responses from engineers and buyers. And, 
recognizing that not all European attendees can attend a 
given conferences in a specific location, the EuroBus/89 
Conferences will be run in two sections - Germany and the 
UK - to maximize attendance potential, increase market 
exposure, and acknowledge the need for bus/board 
information from Israel to Spain to Scandinavia. 


WHO SHOULD EXHIBIT? 


Board and Systems Manufacturers * Manufacturers of Card 
Cages, Connectors, Packaging, Software * Manufacturers 
with Products in Bitbus, Exorbus, Fastbus, Futurebus, G-64 
and 96, Multibus | and Il, NuBus, PC Bus, QBus/Bibus, 
~§-100, SCSI, STE/STD, Versabus, VME, VXI. 


Produced by: (In London) 

MultiDynamics, Inc. | Roger Sherman 

13762 Newport Ave. #204 London House 

Tustin, CA 92680 _ 243-253 Lower Mortlake Rd. 
714/669-1201 Richmond TW$9 2LL England 
FAX 714/669-9105 01/940-4625 


FAX 01/948-1442 


EuroBus/89 - UK 
8 - 10 May 1989 4-6 September 1989 
Novotel Hotel 


London 


WHAT ABOUT THE TECHNICAL PROGRAMME? 


Under the direction of noted industry expert, Dr. Paul Borrill 


~ (National Semiconductor), as Conference Coordinator, with 


able support from UK and German-based computer profes- 
sionals, the seminar/session programme will be 
organized in four advanced-education tracks: 


* Board-Level Design: 32-Bit Buses, Multibus | 

and Il, VMEBus, VXI 

Instrumentation, 

Futurebus Applications, 

| NuBus Report 

. System-Level Design: Intelligent Peripheral 
Buses, System Packaging, 
Crate to Crate Communi- 
cations, High Performance 
Architectures, Develop- 
ment Tools for RISC, 
Stepwise Debugging, 
Bitbus. 

. Application Development: Real-Time Systems, 

| Communications Technol- 

ogy, Real-Time Software, 
Designing for the Military, 
Real-Time Graphics, 
Industrial Networks 

* Electives: ASIC, Testability, Market 
Forecast, Transputer 
Technology, Ada, Surface 
Mount, Benchmarks. 

And more as bus/board technology unfolds. 

If your company would like to organize a session, present 

a paper or conduct a seminar, please contact Anne 

Weber at 714/669-1201 in the US (fax 714/669-9105) or 

Roger Sherman in the UK at 44-1-940-4625 (fax 01 948 

1442). A Programme Call will be sent to you at once. 


TO: Roger Sherman, London House 
243-253 Lower Mortlake Rd. 
Richmond TW9 2LL England 


Please send me information on: 

[_] Exhibiting [] Attending the EuroBus/89 Conferences 
Name 

Title 

Company 

Street Address 

City/Province 


Country... =—s«sPC.__SsCCs«éPlRtornte 
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“PHILIPS 
Ws 


Total Contract 
Electronic 


MVianufacturing 
Has A New 
Name: 


PHILIPS 
CIRCUIT 
ASSEMBLIES 


ou’ve known us for years as Mepco/ 
entralab Circuit Systems, North American 
Philips SMD® Technology Center, and Inter- 
onics — building networks, custom printed 
ircuits and ceramic hybrid circuits, and pro- 
iding surface-mount, through-hole and 
mixed-technology assembly services. 

Now, we've joined together as a fast-growing 
Hivision of North American Philips Corporation: 


Philips Circuit Assemblies 
"s easy to-say. And it says a lot. 
Philips Circuit Assemblies offers America’s 
broadest range of contract electronic 
anufacturing and packaging capabilities — 
o help reduce the time to bring your products 
o market. Immediate services available to you 
Are: computer aided design, engineering, 


worldwide purchasing, manufacturing 
assembly and test. Philips’ capital investments, 
production efficiencies and world class quali- 
ty will meet all of your requirements. 


Broad-line Assembly 
Technologies 

Philips Circuit Assemblies can meet your 
technology needs from commercial to high- 
reliability military applications. Capabilities in- 
clude through-hole and surface-mount circuit 
assembly, surface-mount ceramic assembly, 
as well as chip-and-wire assembly and custom 
networks. Computer-controlled automatic 
placement machines, plus infrared and vapor- 
phase reflow systems and state-of-the-art 
wave soldering, provide optimum manufactur- 
ing flexibility and efficiency. 


State-of-the-art 

Materials Management 

Philips Circuit Assemblies achieves planned 
throughput and meets critical JIT delivery 
schedules by using a proven MRPII (Manufac- 
turing Resource Planning) program. This pro- 
vides total material control and tracking 
through the entire manufacturing process. 


Engineering Support 

The Philips Circuit Assemblies engineering 
team can work with you from the outset of 
your project to answer key questions about 
layout, placement and testing. We optimize 
your designs for peak manufacturing efficiency 
and performance. And provide size reductions 
at the lowest cost. 


Quality Control 

The Total Quality Control (TQC) program at 
Philips Circuit Assemblies is based on building 
products right the first time. All employees 
receive ongoing training aimed at developing 
their skills to meet Philips’ high standards of 
quality workmanship. 

In addition, SPC (Statistical Process Control) 
systems monitor, plot and analyze trends in 
manufacturing variables to prevent problems 
before they occur. 


Full-service Test and Repair 
Philips Circuit Assemblies performs in-circuit, 
functional, burn-in and stress testing. Custom- 
designed hardware/software are provided 
through our experienced test engineers. Test 
engineers and technicians offer worst-case 
analysis and recommendations for improving 
circuit performance. 

At the 26,000 square-foot Custom Repair 
Center, electronic and electromechanical 
diagnostic and repair functions are per- 
formed on in-warranty, out-of-warranty and 
third-party circuit card assemblies or finished 
products. 


Flexible Automated 
Assembly Systems 


Through Philips Circuit Assemblies you can 
upgrade your own assembly line with re- 
nowned Philips MCM Modular Placement 
Systems. Philips Placement Systems are the 
world’s standard for flexible, cost-effective 
automation of SMT circuit assembly. 


Far East SMT Production 


In Singapore, Philips Circuit Assemblies’ sister 
company, SMT Circuit Assembly, provides 
contract assembly services and leading-edge 
technology to support your manufacturing 
operations in the Pacific Basin. 


Worldwide Components 
Purchasing 

The international procurement leverage of 
Philips assures you greater economy and 
availability of materials from established sup- 
pliers around the world. 

Nothing even comes close to the total elec- 
tronic manufacturing services from Philips 
Circuit Assemblies. To put Philips Circuit 
Assemblies to work for you, call 1-800- 
522-7752 (in Wisconsin, 414/785-6359). To 
receive our Capabilities Catalog, write to: 
Philips Circuit Assemblies, Corporate Adver- 
tising, 2001 W. Blue Heron Blvd., P.O. Box 
10330, Riviera Beach, FL 33404. 


PHILIPS CIRCUIT ASSEMBLIES 


SMD® is a service mark of North American Philips Corporation 
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Not too long ago, when people were Meep the quality, Grayhill makes rotary 


predicting that new technologies cut the cost. switches right and makes 
would lead to the demise of the aa fitti them h 
rotary switch, Grayhill responded Extensive re-tooling and retro-fitting pm easy to buy. 


by starting to re-design it for today’s i “Old” Coe ee review Technical specifications in the 

and tomorrow's needs. Here's what 2! Materials ae be e nately switch specifier’s bible, the Grayhill 

we're doing— analysis of real-world applications- = Engineering Catalog, are detailed 
allowed us to reduce cost without enough to guide you completely. 


compromising performance. For Application assistance is as near as 


‘ example, weve developed still higher . 

Process-compatible reliability switches with lower cost at pane aha am sid as 

® ‘ . y = y 
designs. materials, where long shelf life and for complete data on rotary switches 
Today's technology demands low cycle life are required. for the nineties and beyond—from 
process-sealing so your switches Grayhill! 
withstand wave soldering and : 
cleaning processes. We offer Shorter lead times. 


process-sealed PC mount switches, —_ Using interlocking parts instead of 
single or multi-deck, with agrowing _insert molding is just one way we've 
range of choices of position, angle of _cut the production cycle on custom 
throw, rating, circuitry and features. switches. Your custom switches 
come more quickly, your standard 
switches virtually immediately (from 


More than just local distributor stocks if you prefer). 
run af the MIL. 

We've torture-tested and QPL-d : 

them to provide the industry's We keep - pgm 
broadest selection qualified to the state-of-the-art. 
MIL-S-3786/04/13/20/35/39! Our rotary line is never static...see 
Military versions are available for box for the latest forward develop- 
every major Grayhill series, ment in rotary switch technology. 


Y" and 17, single and multi-deck. 


ray hill 


561 Hillgrove Avenue, P.O. Box 10373 
LaGrange, Illinois 60525-0373 USA 

Phone: (312) 354-1040 FAX: (312) 354-2820 
TLX or TWX: 190254 GRAYHILL LAGE 
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AVAILABLE LOCALLY THROUGH THESE REPRESENTATIVES 


- AUSTRALIA/NEW GUINEA Acme Electronics ae _ FRANCE Radio Television Francaise ISRAEL Boran Technologies, Lid. NORWAY Hans H. Schive A/S : SWEDEN Bo Paimblad Aktlebolag 
= Victoria « Tel: (3) 890 0900 Gentilly * Tel: (14) 664-1101 : Petah Tikva « Tel: 3-9345171 — Asker * Tel: (2) 90.0900. Bromma e Tel: (8) 252720 
BELGIUM/LUXEMBOURG Rodelco SA/NV Electronics GERMANY Data Modul AG ITALY Microelit s.r.1 SINGAPORE, REPUBLIC OF Microtronics Aascciates | Ltd. SWITZERLAND Walter Blum AG 
ae Zaventem * Tel: (2) 720 5013 i -. Minchen « Tel: (89) 56 01 70 Milan © Tel: (2) 46-90-444 Singapore © Tel: 748-1835 Zurich Tel: (1) 31268 72 
__ CHINA, REPUBLIC OF Morrihan International ~ HONGKONG Components AgentLtd. Rome ¢ Tel: (6) 889-4323 SOUTH AFRICA, REPUBLIC OF Liberty eines a(Pry) Lie. UNITED KINGDOM Highland Electronics, Ltd. 
Taipei * Tel: (02) 752-2200 ae : Hong Kong ® Tel: (0) 499-2688 JAPAN Jepico Corp. Boksburg ¢ Tel: (11) 52-7637 - Hill, West Sussex * Tel oo 45021 
DENMARK EV, Johanssen Elektronik A- s INDIA Hindco Corporation Tokyo * Tel: (3) 348-0611 SOUTH KOREA Unistandard Corporation ee 2 
= Copenhagen ° Tel: (1) 839022 Bombay * Tel: (22) 493-1544 NETHERLANDS Rodelco BV Electronics Seoul © Tel: (2)532-6815 
____ FINLAND OY Flinkenberg & Co., AB IRELAND, REPUBLIC OF Neltronic Ltd. Breda Tel: (76) 78-4911 SPAIN Unitronics SA . 
Helsinki: bd a A ovat ae Dublin ® Tel: (1)503560 _ NEW ZEALAND $.D. Mandeno Madrid ¢ Tel: (1) 242 52 04 


Auckland ¢ Tel: (9) 600-008 
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The masterpiece 
or the copy? 


The choice is yours! 


When we developed the 
SLIC, it was a custom design. 
Today it is a world standard. 
When we perfected the 
design of our modular power 
units, we established a brand 
new standard. 

Our components have 
been appreciated in many 
applications, not only by the 
original customers, for whom 
they were developed, but also 
by many other buyers who demand the highest 
standards in design. 

Our stepper motor drivers, for instance, are among 
the world’s foremost. And tomorrow that will most 
likely be true for our new central power units for use 
in telecom equipment. 

Why? Because we listen to our customers. Learn- 
ing about their problems, takes us a long way towards 
the right solution. 


* electronica 
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INSPIRED BY “THE LIBRARIAN” (ANTIQUITAS) BY GIUSEPPE ARCIMBOLDO 1527-93. 


So, your most important choice is not that of a 
specific component, but of a manufacturer and long- 
term partner. 

The decision you make today will create your 
tomorrow, that is what makes it 


The Strategic Choice. 
- 
ERICSSON & 
- 
Ericsson Components AB 
Isafjordsgatan 16 
Mail: S-164 81 Kista—Stockholm 
Sweden 
Phone +468757 5000 
A T S$ T A N OD 2 5 D 0 7. 
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IN VANCOUVER, WASHINGTON, 
WE’ VE JUST ISSUED PERMITS 
TO BREAK SPEED LIMITS. 


How do you keep 
ninety of the country’s 
hottest design engineers 
happy’? First, : 
give them 
permission to 


stops. Then give them a 
place to co it. 

That's exactly what 
we've done at our new > 
Sharp Microelectronics 
Technology Center in 
Vancouver, Washington. 
There we've provided 
our outstanding staff 
with the most advanced 
CAD systems available. 
And we've backed them 
with a world-class 1.2 
micron production facil- 
ity in Japan, along with a 
national network of sales- 
people and distributors. 
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The purpose of all 


this? To aggressively 


carve a niche for our- 
selves by 
creating a 


ii Select line of 
pull out all the — Sharp’s newLH5225264kx4srRam high-speed 


chips. Like the new 
Sharp LH52252, our 
64k x 4 SRAM 
that operates 
at 35 ns cycle 
time and con- 
sumes just 100 
microamps in 


standby mode. 
It’s the first of 
many high per- 


formance products you 


SHARP'S NEW HIGH-SPEED CMOS SRAMS 


now at Marshall, Milgray, 
Western Microtechnol- 
ogy, Space Electronics, 
and Added Value. 

If you have specific 
questions, we invite you 
to call Sharp at (201) 
529-8757. Especially if 
moving at 35 ns or faster 


SoOuNnCS appealing. Be- 


canexpect from ournew_ cause if you like breaking 


design center. And it’s 
available right 


SHARP. 


speed limits, Sharp has 
just the ticket. 


ELECTRONIC COMPONENTS DIVISION 


IF IT’S SHARP IT’S CUTTING EDGE”. 
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Design Feature 


Stringent testing 
ensures immunity to 
power-line disruptions 


To be reliable, any equipment that uses 
mains power needs to pass certain tests that 
prove it’s immune to power-line distur- 
bances. And to be accurate, such tests should 
use rigorous test methods in a tightly con- 
trolled test setup. 


Peter Green, Stratus Computer Inc 


When equipment that uses mains power must be com- 
pletely reliable, you need to be able to test the system 
thoroughly for its tolerance to power-line disturbances. 
But you need to know how and why these disturbances 
occur before you can set up a good test and develop 
some rigorous methods for qualifying your system. You 
also need to take international standards into account. 
What’s more, you ought to customize your test to a 
particular system, so you need to know how your par- 
ticular system tolerates disturbances. 

Disruptions in power lines can damage your elec- 
tronic system in several ways, including component 
failure, computer crashes, memory loss, program dam- 
age, and media destruction. Studies done at Stratus 
engineering labs have recorded over 30 power-line 
disturbances per year (including surges and low lines) 
during the last two years in a suburban area of Massa- 
chusetts. Daily voltage fluctuations of +15% of the 
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nominal line voltage are common, even daily, occur- 
rences in most European countries. Testing for power- 
line disturbances is a necessary part of the develop- 
ment of any system where you can’t afford to lose data 
during a power disturbance. 

Disruptions in power lines have four main causes: 
geography, heavy-machinery operation, power-line 
switching, and accidents. Table 1, “Power-line distur- 
bances defined,” outlines the spectrum of possible dis- 
ruptions. Actual disturbances usually consist of vari- 
ations and multiple occurrences of these phenomena. 

Many power-line disturbances stem from geographic 
considerations. Severe weather, such as blizzards, 
thunderstorms, tornadoes, and hurricanes, can disrupt 
power lines in many ways. Geological events like earth- 
quakes or volcanic activity contribute to power-line 
disturbances. And heavily populated areas where large 
businesses place varying, sometimes seasonal, de- 
mands on the power lines create their own problems. 

The second most common cause of power-line distur- 
bances is heavy machinery operating in the immediate 
area of your system. The machinery might be an eleva- 
tor, large manufacturing machinery, or another large 
system using the same power line as your system. 
Heavy machinery turning on and off produces both a 
sag (brownout) in the line and an inductive kick (surge). 

Power-line switching causes the third type of power 
disturbance. Such switching is a common practice of 
power utilities for sharing loads by switching power- 
station grids during lull or peak loading hours. Power- 
line switching results in deformed wave shapes arising 
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Severe weather, such as blizzards, thunder- 
storms, tornados, and hurricanes, can dts- 
rupt power lines in many ways. 


from frequency and voltage changes, or from high- 
frequency, EMI disturbances. 

The fourth category, accidental causes, is a mixed 
bag. Their causes can be a vehicle striking a power 
pole or a worker switching off the wrong breaker while 
reconfiguring another system in the general area of 
your system. This category normally results in local 
blackouts. 

Generally, power-line disturbances don’t last very 
long. A study done by Stratus Computer’s field-service 
group determined that 90% are less than 90 seconds 
in duration. Despite the frequency with which power- 
line disturbances occur, most have no effect because 
systems usually incorporate enough internal capaci- 
tance into their de supplies for uninterrupted opera- 
tion. The internal capacitance in the Stratus computer, 
for example, can continue to power the computer for 
20 msec—or 2’2 cycles—before the computer calls on 
the backup battery for help. 


Simulating the real world in lab 

A clean, controlled setup is essential for consistent 
power-line-disturbance test results because the power 
received from a wall plug is itself susceptible to the 
entire spectrum of power-line disturbances. Testing 
with such power gives unreproducible results. 

A common test for simulating brownouts, for in- 
stance, uses a variac to manually vary the voltage 
supplied to a device under test. A variac is fine for 
bench-testing power supplies and devices but cannot 
yield reproducible, real-world tests. Manually attempt- 
ing-to time brownouts or blackouts using a variac is 
therefore imprecise. 
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Furthermore, manual variac swings and power-line 
disturbances have different characteristics; power-line 
disturbances are not linear. Their rates are related to 
a particular frequency (50 or 60 Hz). For example, a 
true brownout starts and finishes in a half cycle, not 
on a gradual decline or rise as achieved with a manually 
operated variac. 


Pulling the plug doesn’t always fill the bill 

Another simple, but inadequate test method, is the 
one that attempts to simulate a blackout by manually 
pulling the system under test’s ac plug. Although this 
method is acceptable for blackouts of durations greater 
than four seconds, it cannot produce consistent results 
for outages of less than four seconds. For example, it 
can’t simulate the commonly encountered half-cycle 
dropout. 

Manual power-line-disturbance testing can’t mimic 
the complexity of normal power-line disturbances. 
Surges normally follow brownouts and blackouts. 
Power-line disturbances have different variations and 
multiple effects. Frequently, power lines fail, return 
for a few seconds, then fail again. 

The electronics market is international, and many 
power standards exist. To develop a comprehensive 
test setup, you must understand power standards and 
power needs throughout the world. You must test ap- 
proximately 10 to 15 power configurations to validate 
a given system’s suitability for worldwide applications 
(see Table 2, “International power standards’). There- 
fore, a test setup must provide different voltage and 
frequency test stimuli. In addition, a power-line- 
disturbance test setup must provide different voltages 
for a main chassis and a peripheral cabinet, as well as 
test all components simultaneously. 

To provide clean power, precise timing, characteris- 
tic testing, and various power configurations, you need 
a test setup and software specifically tailored to the 
job (Fig 1). To do this, you must first understand the 
hardware and software that make a particular system 
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Fig 1—This test setup provides clean power, precise timing, characteristic testing, and simulates various worldwide power configurations. 


120V (WYE) 


fault-tolerant. Proper handshaking between software 
and hardware is critical for system recovery. Consider, 
for example, the Stratus Model 50. The basis for its 
fault-tolerant architecture is redundant logic. Its 
power-line-disturbance tolerance and recovery 
schemes guarantee that no data loss occurs, no proc- 
esses are destroyed, and no hardware fails during or 
after power-line disturbances. 

In the chassis of the Model 50, its duplicate, redun- 
dant components are separated into odd and even slots. 
Even its ac power comes into the even and odd ac bulk 
supplies on separate line cords as an option. The ac 
bulk supplies are the source for the de power supplies, 
which power odd and even slots in the main chassis. 
In this main chassis, all CPUs, memory units, I/O pe- 
ripheral controllers, and peripherals (excluding tape 
drives) are duplicated. 

In addition to redundancy, the Model 50 architecture 
has three other safeguards against power-line distur- 
bances: EMI suppression, voltage tolerance, and tim- 
ing tolerance. These features are built into the ac and 
de bulk power supplies. The ac bulk power supplies 
are the system’s first line of defense against power-line 
disturbances. They monitor the voltage level of the 
ac line and notify the CPUs if that level drops below 
83% of nominal. The ac bulk supplies also provide surge 
suppression. Line filters suppress conducted EMI and 
low-energy spikes. (High-frequency radio or television 
transmissions generally cause these low-energy 
spikes. ) 

The ac bulk power supplies step down the mains 
voltage to 24V ac and control power-on and -off se- 
quencing for the peripheral cabinets. That sequencing 
prevents local brownouts and surges that occur when 
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you try to power up all the chassis at once. In this 
way, the ac bulk supply prevents self-induced line dis- 
turbances. 


Constant-voltage transformers are pivotal 

The greatest electrical protection against power-line 
disturbances are the ac bulk supplies’ step-down con- 
stant-voltage transformers (CVTs). The CVTs are fer- 
roresonant transformers that hold their secondary volt- 
ages constant in the face of input-line fluctuations be- 
tween +20%. The ferroresonant transformers also 
have a low primary-to-secondary capacitance and a 
high inductance that act as good surge and noise sup- 
pressors. 

The ferroresonant transformers have tertiary wind- 
ings that lie between the primary and secondary wind- 
ings for load regulation. If input fluctuations exceed 
20%, the ferroresonant transformers saturate. In this 
mode, they shut down their secondary outputs, taking 
the de power supplies off line. The power supplies 
then smoothly handle the power-line disturbance with- 


out internal damage. If the resulting voltage surge 


lasts for less than a few cycles, the system’s internal 
capacitance holds the de levels constant. If, on the 
other hand, a brownout occurs, an input relay discon- 
nects the transformers after an approximately 17% 
drop. The supplies then send an ac-fail signal to the 
CPUs, which activate the system’s battery backup. 
Another aspect of the design anticipates the power 
fluctuations that occur after a power-line disturbance. 
The system waits for two seconds after the ac-fail sig- 
nal is inactive before turning the input relay back on. 
That interval allows adequate time for the power line 
to settle, and protects the CVTs from surges that often 
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In electronic systems, power disruptions can 
cause component failure, computer crashes, 
memory loss, program damage, or media 
destruction. 


Fig 2—Fault-tolerant systems need to wait for the power line to 
settle before resuming mains power to protect themselves from surges 
that often occur at the end of many power-line disturbances. 


occur at the end of power-line disturbances (Fig 2). 

The two de bulk power supplies receive 24V ac, con- 
vert it to 24V de, communicate with the CPU, and act 
as a rudimentary UPS (uninterruptable power supply). 
The logic built into the de bulk supplies monitors the 
ac-line voltage, backup-battery, and fan status. The 
CPUs can command the de bulk supplies to change 
their state in response to various events. A 5-part state 
machine controls the bulk supplies’ power-fail sequence 
(Fig 3). The supplies’ five states are: 

@ Run—normal operation 

@ Store—ac failure of less than 6 seconds (ride- 

through) 

@ Hold Memory—ac failure of greater than 6 sec- 

onds 

@ Battery Lasted—ac recovery successful 

@ Off—ac recovery unsuccessful, shutdown. 

The de bulk-supply state machine involves handshak- 
ing between the hardware and software. The state 
machine’s design allows for two lengths of power fail- 
ures. The system can survive a 6-sec interruption with- 
out any change in state. Therefore, if the power re- 
turns within 4 secs (leaving a 2-sec safety margin), the 
system remains uninterrupted. This type of power-line 
disturbance recovery is known as a system ride- 
through. It allows the system to handle 20% of all 
real-world power-line disturbances without interrup- 
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tion. If, however, the power remains bad for more 
than 4 secs, a more extensive power-recovery routine 
is needed. Note that the power-line-disturbance soft- 


‘ware must be able to handle the repetitive power-line 


disturbances that occur during system initialization or 
power-line-disturbance recovery. 


Power-down should be orderly 

The state machine’s operation includes several steps. 
After the system detects a power-line disturbance, the 
de bulk supplies switch the backup battery on line so 
that it can power the entire chassis. The system also 
makes a transition from the run state to the store- 
machine state. When that transition occurs, the bulk 
supplies set the ac-fail signal. This signal goes to the 
CPUs in the odd and even slots. The bulk supplies 
remain in the store state, waiting for the CPU to com- 
plete its power-fail routine or for the line voltage to 
return. One advantage to this method is that the bulk 
supplies provide battery power for the entire chassis 
throughout the ride-through period, which means that 
the I/O controllers need not be reinitialized when 
power returns; the system only needs to restart any 
ac-powered peripherals (eg, disk drives). 

If the line disturbance continues for a longer period 
than the ride-through time-out, the system goes into 
a full power-failure condition. In this mode, all CPUs 
get notified of the power-failure and they then save 
their current machine state. All except one designated 


~CPU now halt, and then the designated CPU branches 


to the power-fail entry point in its PROM. 


CPU generates record 

Part of the designated CPU’s power-failure routine 
entails generating a table of the current CPU and mem- 
ory configuration. This table, along with certain infor- 
mation on the current virtual-memory mapping, gets 
stored in physical memory. The CPU then commands 
each on-line memory to put itself into the battery- 
backup mode (a mode where power goes only to the 
RAM chips and their refresh circuitry). 

Then the CPU commands the bulk supplies to switch 
from supplying power to the entire chassis to supplying 
power only to the memories in the battery-backup 
mode. After issuing this command, the CPU loses 
power and cannot continue processing, although mem- 
ory is maintained. . 

When the power-line disturbance ends, assuming the 
disturbance was not long enough to completely drain 
the battery, the bulk-supply state machine switches 
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Fig 3—This state machine controls the operation of the fault- 
tolerant computer. 


to the “battery lasted” state, and the bulk supplies 
start supplying de power to the entire system once 
more. 

Upon regaining its power, the designated CPU 
starts running its start-up code from its PROM—a rou- 
tine similar to its normal power-up procedure. During 
this bootstrap process, all I/O controllers are reset and 
onboard self-tests run. Prior to initializing the RAM 
chips, the CPU checks the bulk supplies’ status; if the 
bulk supplies are in the “battery lasted” state, the 
CPU PROM branches to its power-fail recovery proce- 
dure. 


Checking the system as it starts to run 

During the PROM power-fail recovery procedure, 
the CPU checks selected memory locations to verify 
that no errors exist within the memory (any errors 
would indicate that the memory did not survive the 
power failure). The CPU tests each memory against 
the memory and CPU configuration table that it built 
(and stored) prior to losing power. The CPU then re- 
configures the memories to match their conditions prior 
to the power-line disturbance. If no memory error ex- 
ists, the memory configuration remains unchanged. 

At this point in the sequence, the virtual-memory 
mapping information gets restored, and the CPU then 
returns to the operating system. Upon receiving con- 
trol, the operating system starts up all of the disk 
drives. The disk controllers have built-in routines to 
enable primitive I/O operations to start the disk drives 
and perform file-system read operations. This primitive 
disk firmware is necessary to begin power-line distur- 
bance recovery and system restarts. 

Once the disk drives are operating, each I/O control- 
ler is reloaded with its respective drivers and are noti- 
fied of the power-failure. This notification allows the 
I/O controllers to perform any cleanup work necessary 
as the result of the power failure. All additional CPUs 
now restart, and: they all have access to the internal 
information that was stored during the power failure. 
The system is now back running in normal mode once 
more. : 

Testing a machine such as the System 50 is compli- 


EDN October 13, 1988 


cated because the system has both software and hard- 
ware for power-line-disturbance recovery. To get a 
complete picture of the system’s tolerance to power- 
line disturbances, you need to test isolated components 
as well as the system as a whole; furthermore you 
need to be able to simulate system usage and diagnose 
the status of the system at any given time. 

Power-line-disturbance testing should first test the 
peripheral cabinets and the main chassis individually. 
After you run these individual tests, you can test the 
complete system. Isolation testing is important because 
different power circuits are wired throughout the same 
lab. Often power-line disturbances affect a particular 
chassis because loading or an accident occurs on a par- 
ticular circuit. 

You should define both maximum and minimum con- 
figurations for all modular components of the system, 
but testing the maximum configuration is more impor- 
tant. In CPUs, for example, testing the system with 
its maximum number of CPUs means testing bus activ- 
ity and various other processes very thoroughly. Fur- 
thermore, testing the maximum memory configuration 
also tests the ability of the battery to maintain data 
integrity for a specified power-line-disturbance dura- 
tion. 


Avoid data loss at all costs 

Testing maximum configurations is particularly im- 
portant for peripheral and communications devices be- 
cause these devices are the most susceptible to power- 
line disturbances—they must survive without a glitch, 
or data losses could result. And data loss in a fault- 
tolerant system is a contradiction in terms. 

Another important aspect of power-line-disturbance 
testing is simulating normal system usage during test- 
ing. Diagnostic tests running on the system under 
test’s CPUs should exercise all major system compo- 
nents, such as the CPU, bus, disks, network, and mem- 
ory. System activity exercises the operating-system 
software’s and hardware’s ability to recover under ad- 
verse conditions. 

In addition to diagnostic software that runs on the 
system under test, you also need software for the 
power-test equipment so that the transient generator 
and the system under test can communicate. The soft- 
ware should do three things: 

@ It should provide a flexible test script that can 
simulate the full spectrum of power-line distur- 
bances. 

@ The software should be able to detect system- 
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Heavy machinery operating in the immedt- 
ate area of your system can disturb the 
power. 


under-test inconsistencies or defects. 

@ The programs should also permit the operator 
to intercede if necessary for isolating problems 
that routine, automated tests don’t uncover. 


Macro initiates testing 

To start the diagnostic tests, you use a macro that 
runs under the operating system of the test-system 
computer and that initiates the diagnostics (see box, 
“Creating your own universe of predictable power”). 
One such diagnostic program monitors the system un- 
der test’s battery status, ac failures, and board configu- 
rations. The macro also controls data files from which 
it produces power-line-disturbance test sequences for 
the power-test equipment. A communications package 


links the system under test and the personal computer. 

The PC program generates the power-line distur- 
bance-waveform envelopes. This program sends the 
specific time and voltage functions to the HP-3314A 
function generator via the HP-61062AA PC controller. 
The HP-3314A function generator in turn outputs +5V 
de signals that the 8087 transient generator uses to 
create a specific power-line disturbance. 

When the test is over, control returns to the com- 
mand macro. It waits a specified amount of time for 
the unit under test to recover. The power-line- 
disturbance diagnostic program, which runs on the sys- 
tem under test’s computer, monitors the test system 
during its recovery period. 

The power-line-disturbance diagnostic program de- 
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Staying competitive, 
more than ever, demands reliable 
levels of vendor responsiveness 
and product quality. As a recognized 
source for industry-standard signal processing 
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tects changes in controller and peripheral configura- 
tions or in the system’s internal registers that are nec- 
essary to power-line disturbance recovery. These con- 
trol signals monitor the battery, fan, and ac status. 
Battery status is checked because if the battery is not 
charged, successful recovery from the power-line dis- 
turbance is impossible. If no fans are running, a melt- 
down may occur. The ac status is important for the 
operating-system control; the test system must be sig- 
nalled if the system under test did not properly recog- 
nize the power failures. If any error exists in these 
three areas, the diagnostic program signals the com- 
mand macro running on the PC to stop the test se- 
quence. 


Direct intervention is a necessary option 

You need to be able to intervene directly and you 
also need to log errors in order to recognize and diag- 
nose various system failures during power-line distur- 
bances. Even if your test setup is totally automated, 
only the human eye can receive the messages from the 
power supplies and the system console. Understanding 
the hardware and software allows you to interpret fail- 
ures. 

Disk peripherals, for instance, can be in the act of 
reading or writing as a power-line disturbance occurs, 
and disk-read and -write errors can result. These er- 
rors are acceptable as long as the disk recovers and 
registers a CRC error; if not, you must note that the 
disk failed to log the error. 
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Microtec Research has done a little genetic engineering on the 
cross-software development industry. Sure, our quality and 
customer support have become the industry cross-development 
standard. And what other company has the confidence to 
actually publish all fixes and ECOs for all products, for 
everyone to see? But our real legacy to you, our customer, is 
our commitment to providing the same cross-development 
software from more host processors to more target 
systems. From pSOS to VRTX to MS-DOS to UNIX to 
VMS. From assembler to C to Pascal to Fortran. From 
Motorola to Intel to Hitachi to AMD to Zilog. From IBM 
to DEC to HP to Apollo to Sun. From crossassemblers 
to cross compilers. From source debuggers running on 
hosts that are simulating target systems to the advanced 
in-circuit emulators from HP, TEK, Atron, Applied 
Microsystems, Sophia, ZAX and Taiwan’ Microtek. 
All of which means you can spend your valuable 
time creating new silicon wizardry, rather than 
learning new cross-development user interfaces. 
Call Microtec at 800-551-5554 today 
(408-733-2919 in California). So you can do 
some genetic engineering on a competitor's 
physiology tomorrow. 


MICROTEC” 
RESEARCH 


or 408-733-2919 in California 


Se —" oe Wi 
© + ; ° a ” Nie ¢ . 
rf 
‘ 
ve 
$ ee 2 
——— 
a 


3930 Freedom Circldy@ S@nta GlaraJ©A 95054 © 800-551-5554 
ea Ge 


© 1987 by Microtec Research, Inc. Mig ro 


"Af Microtec. The other companies mentioned own numerous registered trademarks. 
Adv. by TRBA 


CIRCLE NO 142 


EDN October 18, 1988 169 


sts 


bated 


ees 


All the speed you need for clearer signals, more 
resolution. Picture this: one source for all the high- 
speed op amps you'll ever need. Look. . it’s Harris. 

We offer a broad performance range of monolithic 
ICs — all developed with our high frequency Dielectric 
Isolation process. And all panied ior the bandwidths, 
slew rates, and low noise that accurate signal repro- 
duction demands. 

Harris’ new HA-2544 combines high slew rate, wide 
bandwidth and low supply current to produce exceptional 
color video signals. It’s a superior senbaiet in almost any 
imaging or display application. 
Fast Harris one-chip op amps are the versatile and 


reliable alternative to discrete designs and expensive 
hybrids. Use them as building blocks for radar, guidance 
systems, CATV and video CCTV and signal conditioning 
in other applications — data acquisition, communi- 
cations, medical electronics. 


Our op amps come in a variety of popular packages, 


©1988, Harris Corporation 
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including PLCCs, and 
temperature ranges from 
commercial to military. All 
devices are available screened 
to MIL-STD-883. 


High-speed Harris Op Amps 

PART NO. S.R° 
HA-2542 350 Viys 
HA-2544 150 Vis 


HA-2541 300 Vins 40 MHz | HA-5190 200 Vius 
“Slew Rate **Gain Bandwidth Product 


Harris op amps: when speed is what you need. 
For more information, contact Harris Systems Ltd., 
Semiconductor Sector, Eskdale Road, Winnersh, 
Wokingham, Berks, RG11 5TR, England. 


Phone 0734-698787. 


RIS 


SEMICONDUCTOR SECTOR 


G.B.P** 
120 MHz 
33 MHz 
150 MHz 


170 CIRCLE NO 106 


EDN October 18, 1988 


ort 


Ultra-compact Digital 
Storage Oscilloscope- 
Multimeter. 


Easily carried in a tool kit or attache 
case—powered by batteries or supplied 
ac adaptor-—this 2-in-1 lightweight is 
always ready for hand-held action. 


Multi-function, 
200-kHz DSO. 


Just flip the switch from DMM to 
SCOPE and the performance of a pro- 
fessional Digital Storage Oscilloscope is 
at your fingertips. Lets you capture and 
analyze single-shot and very slow phe- 
nomena. Stores up to three waveforms, 
and has such top-of-the-line features as 
auto-ranging time base setting, pre-trig- 
ger, roll mode, and on-screen readout of 
setting conditions. Low-power indicator 


alerts you when batteries need recharg- 
ing, while a separate back-up system 
protects memory. 


ull-function 

Y,-digit D ; 

Precise measurement of ac/dc volt- 
age, current and resistance is easy to 
see onthe large, high-contrast, display. 


Automatically selects range which pro- 
vides greatest accuracy and resolution. 


Perfect for many 
applications. 


LCD-100 is a unique combination in- 
strument that can confirm that its DMM 
is measuring a desired signal. Better by 
far than a DMM alone...more useful in 
the field than any benchtop DSO in this 
bandwidth, LCD-100 is ideal for servic- 
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able Problem Solver 


ing a broad range of electromechanical, 
electrical and electronic systems. 


Call toll-free 


1-800-645-5104 


(516) 231-6900 


Ask for an evaluation unit, our latest 
Catalog, more information, or the name. 
of your “Select” Leader Distributor. 


For professionals 


difference. 


380 Oser Avenue, Hauppauge, New York 11788 
Regional Offices: 
Chicago, Dallas, Los Angeles, Boston, Atlanta 
In Canada call Omnitronix Ltd. (416) 828-6221 


There'’s an easier way to 


make sure it's rugged. 


Order GE/RCA Rugged MOSFETs, the only 
ones with an “R” on the label. Because the 
wrong device can ruin your creation. 


Two years ago an independent testing com- of rugged PowerFETss in the industry. 
pany compared GE Ruggedized MOSFETs And the benefits are considerable. 


with all leading competitive units. The results Why you need Rugged FETs 
were even better than we expected. . 


Our Rugged MOSFETs are fast. But they're 
not fragile. 

They're designed, tested and guaranteed to 
withstand a specified level of circuit-induced 
electrical stress in breakdown avalanche 
mode. 

When you design with our Rugged devices, 
you can eliminate zener diodes, snubbers and 
other costly circuitry. 

So you save money. And by simplifying your 
design, you improve system reliability. 

Just as important, these devices give you a 
margin of error. 

Because you can never be sure when your 

In this test conducted by Associated Testing Laboratories, oe will be subjected mo voltages beyond 
Inc., the ruggedness of 25 GE IRF-series MOSFETs was com- what you expected. 
Bae in coe ie pee! te eornenare eve And if you're designing for applications 
that routinely have to handle surges and tran- 
Today, the situation is different. sient voltages, these devices are perfect. 


Because our MOSFETs are more than twice A wide selection of drop-ins. 


as rugged as they were then. Yet our rugged- oe 
ized MOSFETs cost no more than competi- We have more than 200 parts in distributor 


pace @eandaid MOSHE TS stock. And they're drop-in replacements for 
oo virtually any N-channel devices. 
A powerful combination. So why take chances, when you can 
We've achieved this by combining the improve your system performance and relia- 
rugged technology of GE products with the bility at no added cost? 
outstanding manufacturing, quality control For more information, contact your local 
and cost-effectiveness of RCA power GE Solid State sales office or distributor. Or 


MOSFETs. So we can bring you the best line _call toll-free 800-443-7364, extension 28. 


In Europe, call: Brussels, (02) 246-21-11; Paris, (1) 39-46-57-99; London, (276) 68-59-11; Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500. 


GE/RCA/INTERSIL 


SEMICONDUCTORS 
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Forget everything you know about 
analog ASICs and consider the 
performance you'll gain from 
our DataLinear Division's 
new SP1104 analog array: 
speed, precision, and density _ 
all in one chip. | 

The SP1104 uses our DI (Dielectric 
Isolation) process, so you can forget about par- 
asitic junction-isolation effects like latch-up. You 
can also forget about the design limitations 
imposed by low performance PNPs. Our SP1104 
uses full-complementary, high-bandwidth, 
vertical NPN (F,~1 GHz) and PNP (F,~600 
MHz) transistors, both without collector- 
connection restrictions. 

And forget about the problems of tem- 
perature tracking and precision. Our SP1104 uses 
low temperature-coefficient (100 ppm/°C), ni- 


chrome, thin-film resistors and they’re even 
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laser-trimmable, down to .01% ratio 
matching, for that extra 
, measure of precision. All 
this with a max voltage up 
to 35V. | 
And forget about the 
tedium of transistor-level designing. 
Our growing macro-cell library already 
includes op-amps, comparators, references, and 
transimpedance amplifiers. And finally, forget 
about another expensive software investment. We 
interface with industry-standard simulation pack- 
ages, like P-SPICE and H-SPICE, and our layout 
package can run on any GDS II compatible 
workstation. 
For a detailed description of the SP1104 
and a copy of our 1988 product catalog, call 1-800- 
272-1772. In Massachusetts, call (508) 663-7811. 
Or write Sipex Corporation, DataLinear Divi- 
sion, 491 Fairview Way, Milpitas, CA 95035. 


\" 4 DataLinear 


_ Division 
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dc/dc converters 


Part | 


Precise converter 
designs enhance system 
performance 


DC/DC converters find application in a wide range of 
systems, from battery-driven circuitry to ac-line- 
powered systems. This article, part 1 of a 4-part series, 
demonstrates the design of the ubiquitous 5- to +15V 
dc/de converter. Parts 2 through 4, respectively, will 
show how to use instrumentation to design micropower 
quiescent-current converters, how to design dc/dc con- 
verters for power conservation, and how to replace in- 
ductors with switched-capacitor approaches in de/dc- 
converter designs. 


Jim Williams and Brian Huffman, 
Linear Technology Corp 


When evaluating de/de converters, designers often 
place far too much emphasis on efficiency and size. 
Although these parameters are significant, they are 
often of secondary importance. Other system-oriented 
requirements—low quiescent current, wide allowable- 
input ranges, reduced wideband output noise, and cost 
effectiveness—are more urgent. With the procedures 
presented here, you can design cost-effective 5 to 
+15V de/de converters that have low current drain 
and low noise. 


The case for 5 to +15V converters 

Logic supplies (5V outputs) have been popular since 
the introduction of diode transistor logic (DTL) over 
20 years ago. Preceding, and during, DTL’s infancy, 
modular-amplifier manufacturers made +15V rails 
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standard. Following tradition, early monolithic amplifi- 
ers also ran from +15V rails. The 5V supply offers 
process, speed, and density advantages for digital ICs; 
the +15V rails provide a wide signal-processing range 
for the analog components. Because of these divergent 
needs, 5 and +15V supplies have also become standard 
for mixed digital-analog systems. 

In systems with large analog-component popula- 
tions, the +15V supply was, and still is, usually de- 
rived from the ac line. This scheme, however, is defi- 
nitely undesirable in predominantly digital systems. 
The inconvenience, difficulty, and cost of distributing 
analog rails in such systems makes local power genera- 
tion attractive. The 5 to +15V de/de converter fills 
this need. 

Fig la is a conceptual schematic of a typical con- 
verter. The 5V input provides the source for a self- 
oscillating configuration made up of transistors, a 
transformer, and a biasing network. The transistors 
conduct out of phase, switching each time the trans- 
former saturates. The transformer saturation develops 
a fast, high-current spike at the transformer’s base- 
drive winding, which switches the transistors. The 
transformer current drops abruptly and then rises 
slowly until saturation again forces the transistors to 
switch. This alternating operating sets the trans- 
former’s duty cycle at 50%. The transformer’s secon- 
dary signal is rectified, filtered, and regulated to pro- 
duce the +15V outputs. 

This configuration has a number of desirable fea- 
tures. The complementary, high-frequency (typically 
20 kHz) square-wave drive makes efficient use of the 
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In systems that are heavily populated with 
digital circuitry, it makes sense to generate 
+15V for analog circuits locally. 


transformer and reduces the size of the filter capaci- 
tors. The self-oscillating primary drive tends to col- 
lapse under overload, providing desirable short-circuit 
characteristics. The transistors switch in a saturated 
mode, improving efficiency. 

This scheme of hard switching, in combination with 
deliberate transformer saturation, does have one draw- 
back, however. The significant, high-frequency current 
spike developed during the saturation interval devel- 
ops noise at the converter outputs. The spike also 


SViN 
@ 
INPUT FILTER 


_ POWER 
SWITCHING 


BASE BIASING 
AND DRIVE 


(a) 


(b) 


draws significant current from the 5V supply—a minor 
disturbance, because the converters’ input filter par- 
tially smooths the transient, and because 5V supplies 
are typically noisy anyway. The noise spikes at the 
output (typically 20 mV high) are a more serious prob- 
lem. Fig 1b clearly shows the relationship among the 
transformer current (trace B), the transistor collector 
current (trace A), and the output spike (trace C). 

As the transformer current rises, the transistor be- 
gins to come out of saturation. When the current 


LINEAR 
REGULATORS 


OUTPUT 


OUTPUT 
COMMON 


O -15V 


HORIZONTAL 


500 nSEC/DIV 
500 nSEC/DIV 
500 nSEC/DIV 


VERTICAL 


10V/DIV 
2A/DIV 
10 mV/DIV 


Fig 1—Although its efficiency and short-circuit characteristics are good, this converter (a) suffers from poor noise performance. The 
waveforms (b) show that a current spike (trace C) generated during the switching sequence is the problem source. 
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reaches a high enough level, the circuit switches and 
generates the characteristic noise spike. The second 
transistor’s concurrent switching complicates the prob- 
lem, causing both ends of the transformer to conduct 
current to ground. You can use certain design tech- 
niques, including the proper selection of transistors 
and output filters, to reduce spike amplitude, but this 
converter’s output is inherently noisy. 


Spike-related noise troubles analog systems 

Such noisy operation can cause difficulties in preci- 
sion analog systems. IC power-supply rejection at the 
high-harmonic spike frequency is low, and it frequently 
causes analog-system errors. A 12-bit successive- 
approximation A/D converter is a good candidate for 
spike-related noise problems. Sampled-data ICs (such 
as switched-capacitor filters and chopper amplifiers) 
often show apparent errors that are induced by spikes. 
Even simple de circuits can exhibit baffling instabilities 
that are actually spike-related problems masquerading 
as de shifts. 

The drive scheme creates another problem—high 
quiescent-current consumption. Base biasing always 
supplies full drive, ensuring that the transistors will 
saturate under heavy loads, but wasting power at 
lighter loads. Adaptive bias schemes can minimize this 
problem, but they increase circuit complexity, and this 
type of converter rarely employs them. 

The noise problem is the main drawback in this ap- 
proach to 5 to +15V conversion. Careful design tech- 
niques can minimize the converters’ noise problem, but 
they can’t eliminate it. One technique (Fig 2), for ex- 
ample, uses a bracket pulse to warn the host system 
when a noise spike is about to occur. The host system 
ceases any noise-sensitive operations during the 
bracket-pulse interval. The bracket pulse drives a de- 
layed-pulse generator, which triggers the flip-flop. The 


OVERLAP-PULSE OUTPUT 


flip-flop’s output biases the switching transistors in 
such a way that the noise spike occurs during the 
bracket-pulse interval. Clocked operation can also pre- 
vent transformer saturation, thereby reducing noise 


even further. This scheme works well, but presumes 


that the host can tolerate periodic intervals of inactiv- 
ity when it is performing critical operations. 


Low noise is important for analog circuits 

The converter in Fig 3 supplies a +15V output from 
a 5V input. Its wideband noise measures 200 .V p-p—a 
100% reduction over that of typical designs—and its 
efficiency for a 250-mA output equals 60%. The circuit 
achieves its low-noise performance by minimizing high- 
speed harmonic content in the power-switching stage. 
This result requires that you make the tradeoff in effi- 
ciency noted earlier, but the penalty is small in com- 


parison with the benefit. 


The 74C74 flip-flop divides the 74C14-based, 30-kHz 
oscillator into a 15-kHz, 2-phase clock. The 74C02 gates 
and the 10k/0.001-~F delay networks condition this 
2-phase clock into a nonoverlapping, 2-phase drive at 
the emitters of Q; and Qs (traces A and B, respectively, 
in Fig 3b). These transistors act as level shifters to 
drive emitter followers Qs and Qy. The 1000/0.003-pF 
filters loading the emitters of Qs and Q, slow the drive 
to output MOSFETs Q;, and Qs. The filter’s effects 
appear at the gates of Q; and Q¢ (traces C and D, 
respectively). 

Qs and Q¢ are configured as source followers. There- 
fore, the gate terminal’s filtered slew rate limits the 
transformer’s rise time, resulting in well-controlled 
waveforms at the sources of Q5 and Q¢ (traces KE and 
F, respectively.) The complementary, slew-limited 
drive source for T; eliminates the high-speed harmonics 
normally associated with this type of converter. After 
rectification, filtering, and regulation, T;’s output be- 
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Fig 2—By sending an overlap pulse to indicate an impending noise pulse, this circuit allows the system being powered to stop any critical 


operations, avoiding converter noise-related problems. 
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Quiescent current, allowable input range, 
wideband output noise, and cost are impor- 
tant issues in converter design. 


fi comes the converter’s final output. The 4700/0.001-wF 


_ damper in T;’s secondary winding maintains loading 
‘during switching to enhance low-noise performance. 
The ferrite beads in the gate leads of Qs and Q¢ elimi- 
nate the parasitic RF oscillations associated with fol- 
lower configurations. a - 

The source-follower configuration makes it easy to 
control T;’s edge rise times, but complicates gate bias- 
ing. You'll require special design steps to turn the 
_ MOSFETs fully on and off. Source followers Qs and 
Qs require voltage overdrive at the gates, because the 
5V primary supply can’t provide the 10V gate-channel 


22k 


POINT A 


1N5817 


bias necessary for saturation. Similarly, you must pull 
the gates well below ground to turn the MOSFETs 
off, because T,’s behavior pulls the sources negative 
when the devices turn off. 

The negative side of Qg’s source waveform provides 
turn-off bias. Q3 and Q, pull down to the —4V level 
developed by D, and the 22-yF capacitor. A 2-stage 
boost loop generates the turn-on bias. The 5V supply 
feeds to the LT1054 switched-capacitor voltage con- 
verter via D3. The LT1054, configured as a voltage 
doubler, initially provides about a 9V boost to point 
A at turn-on. When the converter begins operating, 
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Fig 3—By minimizing high-speed harmonic content in the power-switching stage, this converter design (a) achieves a 100X reduction 
im wideband output noise. As the waveforms (b) show, all the switching transitions are clean. The output noise (c) is only 200 pV p-p. 
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T, produces a turbo-boost output at pins 4 and 6. De 
rectifies this output, which raises the LT1054’s input 
voltage and further increases the boost at point A to 
approximately 17V. 

These internally generated voltages allow Qs and 
Qs to receive the proper drive, minimizing losses de- 
spite the source-follower connection. An ac-coupled 
trace of the converter’s 15V output (Fig 3c) shows 
200-~V p-p noise at full power (250-mA output). The 
converter’s switching characteristics compare in ampli- 
tude to the noise characteristics of linear regulators. 
You can reduce switching-related noise even further 
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by slowing the rise times of Q5 and Qs. To slow the 
rise times, however, you must reduce the clock rate 
and increase nonoverlap time to maintain available 
power and efficiency. The arrangement shown in Fig 
3 represents a favorable compromise among output 
noise, available power output, and efficiency. 


Satisfy high-resolution circuits’ needs 

Residual switching components and regulator noise 
set the performance limits for the converter in Fig 3. 
Analog circuitry operating at the very highest resolu- 
tion and sensitivity levels may require a converter with — 
even less noise. Fig 4’s converter uses a sine-wave 
transformer drive to reduce harmonics to negligible 
levels. The transformer drive combines with special 
output regulators to produce less than 30 pV of output 
noise. This value is also seven times lower than that 
of the previous circuit, and, in comparison with conven- 
tional designs, it approaches a 1000 improvement. 
If you use this circuit, you'll have to make a couple of 
tradeoffs, however: In comparison with Fig 3’s circuit, 
Fig 4’s circuit will be more ate aaa and will sacrifice 
some efficiency. | 

IC, of Fig 4 is configured as a 16-kHz Wien-bridge 
oscillator. The design uses a special bias level to pre- | 
vent IC;’s output from saturating at the ground rail. 
Returning the undriven end of the Wien network to a — 
de potential derived from the LT1009 reference estab- _ 
lishes this bias. IC;’s output is a pure sine wave (trace 
A in Fig 4b) biased off ground. To maintain the sine- 
wave output, IC2 compares IC,’s rectified and filtered 


positive output peaks with an LT1009-derived de refer- 


ence. IC9’s output biases IC; and servocontrols its gain. _ 
The 0.22-uF capacitor provides temperature compen-— 
sation for the loop, and the thermally mated diodes 
minimize errors caused by rectifier temperature drift. 
These provisions stabilize IC,’s ac and de output terms 
against supply and temperature changes. 

IC;’s output ac-couples to ICs. The 2-k0/8200 di-— 
vider rebiases the sine wave, centering it inside IC3’s 
input common-mode range even with supply shifts. IC3 
drives a power stage consisting of Qo through Qs. This 
stage’s common emitter outputs are biased to provide 
a 1V rms drive for Tz—even for a supply voltage of 
4.5V. With full converter loading, the power stage 
delivers 3A peaks, but the waveform is clean (trace 
B) and shows little distortion (trace C). | 

The 330-yF coupling capacitor strips de voltage from 


_ the power-stage output, so Tz has a pure ac input. The 


Q, and Qs collectors provide a feedback signal for IC3. 
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Analog circuitry operating at very high lev- 
els of resolution and sensitivity may require 
the lowest possible converter-notse levels. 


The 0.1-wF capacitor at the feedback source point sup- 
presses local oscillations, and the RC network in T3’s 
secondary winding adds additional high-frequency 
damping. 

Without quiescent-current control, the power stage 
will experience thermal runaway and destroy itself. 
IC4 measures the de output current across Qs’s emitter 
resistor and servocontrols Qg to establish quiescent 
current. A divided portion of the LT1009 reference 
sets the servo point at IC4’s negative input, and the 
0.83-wF feedback capacitor stabilizes the loop. 

T3’s rectified and filtered outputs drive regulators 
designed for low-noise operation. ICs and IC7 amplify 


Giuk 16-kHz 
OW AR OSCILLATOR 


0.01 pF 


1 er 


270 
(SELECTED 
VALUE— 
SEE TEXT) 


/ 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


IC \ + 
OSCILLATOR 
STAB LOOP ~~ 


THERMALLY 
MATED 


NOTES: 
Ly, Lg = PULSE ENGINEERING #92100 


Dp = 1N4148 
Lz = PULSE ENGINEERING #65064 
>} = 1N4934 


UNMARKED NPN = 2N3904 
* = 1% METAL-FILM RESISTOR 
+ = THF337K006P1G-MALLORY 
= = +5V GROUND 
+15V COMMON 


(a) thy 


1 


LT1 


2.5V 


the LT1021’s filtered 10V output to 15V, and IC¢ and 
ICg provide the —15V output. The LT1021/amplifier 
combination provides better noise performance than 
do 3-terminal regulators. The zener diode eliminates 
overvoltages caused by start-up transients. L; and Lg 
combine with their respective output capacitors to 
minimize noise problems. These inductors are outside 
the feedback loop, but their low copper resistance 
doesn’t significantly degrade regulation. Trace D, the 
15V output at full load, shows less than 30 pV (2 ppm) 
of noise.. The most significant tradeoff in this design 
is efficiency. The sine-wave transformer drive exacts 
a substantial power loss. At full output (75 mA), the 
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Fig 4—To improve noise performance by 1000 over that of conventional designs, this converter (a) uses sine-wave transformer drive to 
reduce harmonics to negligible levels. As the waveforms show (b), the 15V output (trace D) has less than 30 pV of noise at full load. 
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efficiency is only 30%. 

Before operating the converter, you should trim the 
circuit for lowest distortion (typically 1%) in the sine 
wave at the input of Ts. You can perform this trimming 
by selecting the resistance value indicated at IC,’s 
negative input. The 2700 value shown is nominal and 
can vary by +25%. The sine wave’s 16-kHz frequency 
represents a compromise between the op amp’s avail- 
able gain/bandwidth, magnetics size, audible noise, and 
wideband harmonic levels. 

Simplicity and economy are other important consid- 
erations in 5 to +15V converter designs. In these con- 
verters, the transformer is usually the most expensive 
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component. The unusual drive scheme in Fig 5’s con- 
verter leads to significant cost savings—it uses a simple 
2-terminal inductor in place of the usual transformer. 
The design tradeoffs are the loss of input-to-output 
galvanic isolation and lower power output. In addition, 
this circuit’s isolation technique develops about 50 mV 
of clock-related output ripple. 

Fig 5’s circuit operates by periodically and alter- 
nately allowing each end of the inductor to fly back. 
The resulting positive and negative peaks are rectified 
and filtered. Controlling the number of flyback events 
during the respective output’s flyback interval regu- 
lates the converter. 


VERTICAL 
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A 2VIDIV 50 wSEC/DIV 
B 2VIDIV 50 »SEC/DIV 
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Simplicity and economy are important con- 
verter-design goals; you can achieve both by 
using a simple inductor to replace the trans- 
former. 


Inverter [Coq develops a 20-kHz clock signal (trace 


A in Fig 5b), which feeds a logic network composed 
of additional inverters, diodes, and the 74C90 decade 
counter. The counter output (trace B) combines with 
the logic network to present alternately phased clock 


bursts (traces C and D) to the base resistors of Q; and | 


Qo. When 4 (trace B) is inactive, it resides in its high 


state, and it biases Qo and Q, on. Qy’s collector effec- 


tively grounds the bottom of L, (trace H). During this 
interval, de (trace A) sends clock bursts into Q,’s base 
resistor. If the —15V output is too low, servocompara- 
tor IC,,’s output (trace E) is high and Q)’s base can 
receive pulsed bias current. 

If the converse is true, the comparator’s output will 
be low and will gate the bias away through Q,’s base 
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diode. When Q, is open to a bias input, Qs switches 
and produces a negative-going flyback event at the top 
of L, (trace G). The flyback event is rectified and fil- 
tered to develop the —15V output. IC;, regulates the 
number of clock pulses that switch the Q,/Qs pair. The 
LT1004 serves as a reference. 

The ac-coupled —15V output (trace J) shows the 
effect of IC,,4’s regulating action. The output stays 
within a small error window set by ICj,’s switched 
control loop. As input-voltage and loading conditions 
change, IC;, adjusts the number of permissible clock 
pulses to bias Q;/Q3 and maintain loop control. 

When the ¢, and ¢¢ signals reverse state, the opera- 
tional sequence reverses. Q3’s collector (trace G) pulls 
high, and IC;p’s servo action controls Q9/Qy’s switching 


5A, 75V 
SWITCH 


CURRENT, 


EDN October 13, 1988 


to produce similar output waveforms. Traces F, H, 
and I illustrate IC)p’s output, Q,’s collector signal (Ly’s 
bottom), and the ac-coupled 15V output, respectively. 

Although the two regulating loops share the same 
inductor, they operate independently, so no perform- 
ance degradation is caused by asymmetrical output 
loading. The inductor sees irregularly spaced shots of 
current (trace K), but is unaffected by this multiplexed 
operation. Clamp diodes prevent Qs and Q, from re- 
verse-biasing during transient conditions. The circuit 
provides +25 mA of regulated current at 60% effi- 
ciency. 

Reduced quiescent current is another aspect of 5 to 
+15V converter design. Typical coverters draw 100 
to 150 mA of quiescent current—a value that’s unac- 
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ceptably high for many low-power systems. Fig 6’s 
converter design supplies +15V at 100-mA outputs 
while consuming only 10 mA of quiescent current. The 
LT1070 switching regulator (see box, “LT1070: The 
inside story”) drives T, in a flyback mode; the damper 
network clamps excessive flyback voltages. Half-wave 
rectification and filtering of T;’s secondary signals pro- 
duces positive and negative output across the 47-~F 
capacitors. 

A simple loop regulates the positive 16V output. 
Comparator IC,, balances a sample of the positive 
output with a 2.5V reference voltage from the LT1020. 
When the 16V output (trace A in Fig 6b) is too low, 
IC;q switches high (trace B) and turns off the 4N46 
optoisolator. Q; turns off, and the LT1070’s control pin 
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Fig 5—For circuit simplicity and economy, the drive scheme in this converter (a) uses a 2-terminal inductor in place of the usual 


transformer. The waveforms (b) show that although the inductor sees irregularly spaced shots of current (trace K), the multiplexed operation 
has no effect on the inductor’s performance. | | 


5Vin (4.5 to 5.5 V) 16V PREREGULATED 


C 
PULSE 
ENGINEERING 
#PE-61592 


1N4148 


—16V UNREGULATED 


Q2 
VN2222 


2N3906 / ™> NOTES: 
*= 1% FILM RESISTOR 


= 


[Pr = OUTPUT COMMON 


(a) 


Fig 6—To satisfy the needs of many low-power systems, this converter design (a) supplies +15V outputs at 100 mA while consuming 
only 10 mA of quiescent current. As trace D of the scope photo (b) illustrates, the converter has a 40-kHz switching frequency. Compared 
to conventional designs, this converter’s efficiency (c) is far superior at light loads. 
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OUTPUT CURRENT (mA) 


(Vc) goes high (trace C). This action generates full- 
duty-cycle, 40-kHz switching at the Vsw pin (trace 
D). The resulting energy into T, forces the 16V output 
to ramp quickly positive and turn off IC,,’s output. 
The 20-MQ resistor, combined with the slow response 
of the 4N46 (note the delay between IC, ,’s going high 
and the Vc pin transition) provides about 40 mV of 
hysteresis. 

The LT1070’s on/off duty cycle is load dependent, 
so it saves a significant amount of power when the 
converter operates with a light load. This characteristic 
is largely responsible for the 10-mA quiescent-current 
figure. 

The optoisolator preserves the converter’s input-to- 
output isolation. The LT1020, a low-quiescent-current 
regulator, further regulates the 16V line to develop 
the 15V output. This linear regulation eliminates the 
40-mV ripple and improves transient response. 

The —16V output tends to follow the regulated 
— 16V line, but the regulation is poor. The RC damper 
at pin 5 allows the LT1020’s auxiliary onboard com- 
parator to function as an op amp. This op amp linearly 
regulates the —16V line. MOSFET Qs provides low- 
drop-current boost and sources the —15V output. The 
op amp stabilizes the —15V output by comparing it 
with the 2.5V reference via the 500k/3M summing re- 
sistors. The 1000-pF capacitors frequency-compensate 
each regulating loop. Fig 6c plots this converter’s effi- 
ciency versus that of a conventional design for a range 
of loads. Although the results are similar for high loads, 
the low-quiescent-current circuit is superior at light 
loads. 
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HYPERTRONICS ANNOUNCES... 
The End of the Connector Compromise 


Conventional 
MiIL-C-55302 
connectors 


u Cycles 1000 25,000 50,000 100,000 


Low-force contacts for MIL-C-55302 qualified connectors, still going strong after 100 OO 
connect/disconnect cycles, should be good news for high life-cycle applications. 

Electrical repeatability that improves with use; edging down from 5 millionms contact 
resistance and levelling off at 3, may be even better for add-on memory, firmware, por- 
table disk drives, tempest systems and other low-resistance requirements. But what if you 
need it all’? 


HYPERTAC : Inserting pin into oe sleeve. 


iw 


_——SSS== 


You've got it. Our KA Series connectors, with patented Hypertac” contacts, set new parameters for low force, long life 
and low resistance... plus high reliability vs. shock and vibration. We've tested them beyond 5K cycles—but customers 
have already recorded 80K in actual use, plus tests that were abandoned after 150K and 500K—all.with a failure rate of 
zero percent. 

The QPLd KA Series includes crimp, PC board, solder cup and wire wrap terminations, plus float for rack & pane! 
mounting, with 17 to 160 contacts. End the connector compromise by calling 1-800-225-9228. 


HYPERTRONICS CORPORATION 


16 Brent Drive, Hudson, MA 01749 (508) 568-0451 Telex 951152 FAX (508) 568-0680 
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The 
catalog | 
is free. — 


And both are as close as 
1-800-552-1115. 


First is a comprehensive new guide 
to all of Keithley’s hardware, soft- 
ware, and systems for data acquisi- 
tion and control. In its 80 pages, 
you ll find the proven performers as 
well as the latest innovations. Like 
the rugged new 500A acquisition 
system and rack-mount mechanical 
package. The new AMM2 analog 
card with higher speed and resolution 
— S0kHz and 16 bits. And expanded 
dynamic range — from a high of 10 
volts to a low of 30 microvolts. A 
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new portable DC system. And new 
software to make it all play. 


Second is a comprehensive new 
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The dialogue is priceless. 


corps of highly specialized and ob- 
jective experts called the “PC TEAM” 
(That's T-forlest, E-for-Equipment, 
A-for-Analysis, and M-for-Measure- 
ment. PC means PC.) 


These pros will help you coordinate 
and integrate the complex selection 
of compatible hardware, peripherals, 
and software. That’s all they do. 
They do it well. 


To get our book or talk with the 
Team, just call 1-800-552-1115. The 
value is excellent. 


Data Acquisition & Control Divi- 
sion, Keithley Instruments, Inc. 
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The applicationsbase 
ae 8051 -family integrate digital and analog functions — wherever they're needed 


~ Siemens microcontrollers fromthe costs. And your system gets more relia- 
8051 family are engineering favorites. bility. 


_ They control, regulate, check - precisely — Siemens 8051 family includes the SAB. 
_ and reliably, and ina broad fange of 8051, SAB 8052, SAB 80512, SAB 
Lea oo 80513 and the SAB 80515. 


@ In telecom: | 2 Like to know more? More about the 


With their low consumption, ie. countless apllications in your field? 

_ power-saving mode, large ROM area More about continuous new develop- 
and flexible !/O structure, 8051XX are — ments in the successful 8051 family? 
the right base for powerful stations. If so, just write: 


e In automotive engineering: Europe: Siemens AG. a 
With an. integrated A/D converter, . infoservice B -Z070 Postfach 23 48, 
watchdog timer, flexible |/O and timer 


‘structure, 8051XX manage transmis- 
: sion and engine control or regulate 


@ in motor controls: 
With their integrated A/D converter 
_ and compare timer, our controllers | 
give motors a soft start and smooth Ui 
acceleration. : 


e In copiers and printers: 


e In industrial controls: 
With a powerful interrupt system, 
rahe A/D converters and timer 


and AD 
nverters = 
Lower Power, 

Lower Prices 


New, improved 12-bit microprocessor- 
compatible A/D converters run cooler, 
last longer, cost less 
than ever before. 


Burr-Brown’s new ADC574A/674A 
A/D converters have been redesigned 
for greater economy and reliability. 
They are complete devices, with 
+10V buried-zener reference; internal 
current-controlled clock; 8, 12, or 16- 
bit uprocessor interface; and three- 
state output buffers. 


Key ADC574A/674A Features 


@ 12-bit resolution 

@ +1/2LSB max linearity error 

@ 450mW max power dissipation 

@ 150ns max bus access time 

® 28-pin ceramic or plastic DIP 
packaging 

® no missing codes guaranteed for 
0/+75°C and -55/+125° C specified 
temp ranges 


Ask your Burr-Brown sales representative 
for complete details and evaluation 
samples, or call Applications 
Engineering, 602/746-1111. Burr-Brown 
Corp., P.O. Box 11400, Tucson, AZ 


85734. RR -BROWN® 


The problem with most real-time operating systems is Modularity Lets YOU Choose Just What You Need. 


simple, they're not an integrated solution. You end up dealing The modular design of OS-9 allows our Operating System 
with a multitude of suppliers for languages, compilers, debug- to adapt as your requirements change. OS-9 can support a 
Bers and other important development tools. And when complete spectrum of applications — from embedded ROM- 
something does go wrong, it can be a frustrating experience based code in board-level products all the way up to large- 
trying to straighten out the mess. scale systems. 

Why Not Try the en ——— Support is Part 

Microware One-Stop dk ttc Aad il i of the Package. 

Total Solution? | A Total Integrated Solution for Your Next Project —} — Microware is proudly setting 


Microware’s OS-9 Real-Time | the industry’s standard for cus- 


Operating System is a total inte- | Development Tools: Languages: tomer support. You'll find pro- 
grated software system, not just | Saleln| co ao fessional and comprehensive 
a kernel. We offer an extensive | System State Debugger Pascal technical documentation and a 
set of development tools, lan- | oon aa Fortran Customer Hotline staffed by 
guages, |/O and Kernel options. | connectors fesenbler ae eatalcea and authoritative soft- 
And this total integrated solution | Super Shell _ ware engineers. 

is entirely designed, built and | Kernel Options: 1/0 Options: - So stop messing with sim- 
supported by the same expert | MMU (Security Protection) Support es Ae ieketiee ple kernels and independent 
Microware team. : Math Coprocessor Support Magnetic Tape suppliers. Call Microware today 


Ethernet - TCP/IP 
Arcnet - 0S-9/Net 


ae 
en 


and find out more about the 
“One-Stop Integrated Solution” 
with OS-9! 


Microware is a registered trademark of “Resident or UNIX versions available 


Microware Systems Corporation. i **VAX hosted 
OS-9 ia a trademark of Microware. — 

UNIX is a trademark of AT&T. 
VAX is.a trademark of DEC. 


Microware Systems Corporation Western Regional Office Microware Japan Ltd. 
1900 N.W. 114th Street 4401 Great America Parkway 41-19 Honcho 4-Chome 
Des Moines, Iowa 50322 Santa Clara, California 95054 Funabashi City 
Phone: 515/224-1929 Phone: 408/980-0201 Chiba 273, Japan 
Phone: 0474 (22) 1747 191 
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re boring. 


Theyre easy to design. Theyre ready on time. 
And first-time success is virtually 100%. 


You've heard all about the excitement of. 
ASICs. 

They improve performance, lower costs 
and make many new designs possible. 

But, unfortunately, youve probably also 
heard about one big potential problem: while 
many ASICs pass the tests specified by the 
designer, they don’t always work in the real 
world. And that causes excitement you can do 
without. 


How to get first-time success. 


It starts with our Design Simulation Software. 
It’s been rated the best in the industry by the 
people who should know—designers who 
have used it. Within three days, you can be up 
to speed, working at any of the major worksta- 
tions in the industry, creating and revising 
your ASIC with ease. 


The standard cell advantage. 


You'll really appreciate the power of our 
standard cells, which allow you to integrate a 
whole system, including macros, memories, 
logic and peripherals, onto a single chip. 

We have cells with effective gate length as 
small as 1.5u (.9U coming soon). And double- 
level metal for higher-density chips that can 
handle higher clock speeds. 

You can choose from a wide range of 
Supercells, including the leading-edge 
RS20C51 core micro, RAMs, analog functions, 
bit-slice processors, HC/HCT logic, Advanced 
CMOS Logic, and high-voltage cells. 

If they aren’t enough, we can even generate 


Supercells to your specs. 

And we're also in the forefront of silicon 
compiler technology. So we can offer you the 
ability to create designs that are heavily BUS- 
structured, with your ROMs, RAMs, PLAs and 
ALUs compiled right into the design. 

We also bring you the resources of some 
very powerful partners, thanks to our alternate- 
source agreements with VLSI on standard 
cells; WSI on macrocells and EPROMs; anda 
joint-development agreement with Siemens 
and Toshiba on the Advancell® library of 
small-geometry cells. 


Gate arrays, too. 


If gate arrays are better for your design, 
you ll be able to choose from our full line up 
to 50,000 gates, with effective gate length as 
small as 1.2u and sub | ns gate delays. 

These gate arrays use “continuous gate” 
technology for up to 75% utilization. They 
are an alternate source to VLSI Technology 
arrays. 

We also alternate source the LSI Logic 5000 
series. 

And we have a unique capability in high-rel 
ASICs, including SOS. Our outstanding pro- 
duction facilities here in the U.S. produce 
high-quality ASICs in high volume at very low 
costs. 

It almost sounds exciting for something so 
boring, doesn’t it? 

For more information, call toll-free today 
800-443-7364, ext. 25. Or contact your local 
GE Solid State sales office or distributor. 


In Europe, call: Brussels, (02) 246-21-11; Paris, (1) 39-46-57-99; London, (276) 68-59-11; Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500. 
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No “boomerang effect” 

at Trend Circuits, 

Less than 1% of our prototype 
boards ever come back. 


ast turnaroundsin types don’t work. At Trend Check our references. 
FF prototype circuit Circuits, we're specialists in You can verify our facts 
boards are great—  rapidproduction of prototype easily enough by talking to 


but not when the boards boards that work first time our customers. Simply phone 


circle back again and again _out. That's because we're and we'll put you in touch 
because of poor quality. people who understand with people who ve decided 
: your language, your objec- they won’t accept compro- 


tives and your pressures. mise in quickly moving from 


Further, fully one-third design to finished prototype. 
of our people are involved in They'll tell you why we're 
inspection. We begin with Now for speed. Onaregu- _ their logical choice for “no- 


incoming artwork, where _lar basis, we deliver dowble- boomerang” boards. And why 
wecan quickly identify sided boards within 24 we should be yours. 
common designerrors.And hours, and multi-layer 

Smee §=wecontinuewithdouble boardswithinfveday. In TREND GRCUinS 
That “boomerang effect” and triple-checking right fact, we're completing no less ""°T°" PS SeeciArisrs 


costs precious time in prov- _ through to completion. than 82% ofallourwork = wn) OW arn Springs Bid. 
ing yourconceptsandcan  Asaresult,lessthanascant _ within five days. 415/651-1150 
end your chances to meet 1% ever come back. And 
critical market windows. that’s good for both of us. 
We deliver speed 
and quality. 
Speedy turnarounds don’t 


count for much if proto- see 


oo ae 


Pray, 


800/448-0550 (nationally) “Lop 
800/448-0440 (in California) —— 
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PC-based analog 
pc-board design 
Part 1 


Choosing a PC-based 
CAD package requires 


careful scrutiny 


Designing analog pc boards poses special 
problems that some CAD tools don’t handle 
well. Part 1 of this 2-part series helps you 
to evaluate PC-based, pc-board design tools 
and presents a checklist of features desirable 
for analog board design. Part 2 will offer 
some techniques for circumventing the ana- 
log deficiencies of PC-based software. 


Kimberley F Quirk, Engineering Services Group 


If you’re a digital designer, you can buy inexpensive 
software that runs on inexpensive hardware and that 
will automatically place and route your multilayer 
board without requiring you to think much about the 
process. Unfortunately, most companies have been 
writing CAD software with only the digital user in 
mind; consequently, many of the problems associated 
with analog board design have not yet reaped the bene- 
fits of computerization. 

Before the introduction of computer-aided design 
tools, all the artwork required for pe boards was cre- 
ated manually with tape on Mylar. As digital circuitry 
became more and more complex, it seemed only natural 
to make computers create this artwork because of their 
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ability to do tedious work fast and accurately. Although 
expensive at first, hardware and software for CAD 
have now come within the financial grasp of small com- 
panies and individuals and have made a digital de- 
signer’s task relatively easy. 

The same does not hold true for an analog designer, 
however, and even for a digital designer, complications 
may still arise. For instance, what happens if an engi- 
neer slips something new into the circuit? A little ECL, 
say, or a high-frequency oscillator? What about an in- 
put A/D converter, a telephone-line interface, or RF 
circuitry? In these cases, the board design will require 
some thought. Certain incoming traces may require 
shielding, and extra grounds may prove necessary. 
Perhaps a full ground plane may need to be added—or 
even a split ground plane (distinct ground planes for 
analog and digital residing on the same layer). 

For the purposes of this article, “digital” will refer 
to circuits that operate at relatively slow speeds: less 
than 20 MHz. TTL circuits are typical examples. “Ana- 
log” will mean everything else. The reason for this 
simplified definition is that there are some analog con- 
cerns in almost any circuit today. Speeding up a digital 
circuit or trying to meet FCC requirements may man- 
date more complicated grounding or guarding tech- 
niques, which once were needed only for microvolt- 
level analog signals. 

When evaluating any software package, it’s impera- 
tive to first determine your own needs and priorities. 
Don’t let a salesperson make these decisions for you 
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Speeding up a digital circuit may force you 
to consider better grounding or guarding 
techniques, which once were needed only for 
microvolt-level analog signals. 


because most salespeople don’t have a strong enough 
background in analog board design. Furthermore, dem- 
onstrations and sales literature usually don’t paint an 
accurate picture of a system’s analog capabilities. Some 
sales reps will promise you the world without fully 
understanding what you need. When you get the sys- 
tem in house, it may be incapable of generating the 
artwork you desire. On the other hand, you may find 
software vendors who don’t understand the full capa- 
bilities of their product. A vendor may say that its 
software can’t create unusual ground planes, yet, if 
you get a chance to work with the program, you may 
discover that you can make it do what you want with- 
out too much difficulty. 

Until a much greater emphasis is placed on the needs 
of analog designers (including sales, marketing, and 
technical support), you should be wary of salespeople. 
Instead, try to find analog designers who use the soft- 
ware. Their comments will provide insight into a prod- 
uct’s true capabilities and deficiencies. 


Don’t sacrifice features of digital software 

The design packages traditionally used for digital 
design provide many valuable features that you 
shouldn’t have to sacrifice because you want a package 
with an analog specialty. You shouldn’t have to lower 
your standards or make too many tradeoffs to achieve 
the analog features you want. The box, “Software 
checklist for analog users” (pg 200), should help you 
ascertain which features you do or do not need and 
should ensure that you don’t overlook any important 
capabilities. Although your personal preferences may 
diverge from items on this checklist, the list will serve 
as a starting point for your evaluation. And you can 
modify it to suit your own practices. 

One digital option that you should probably avoid 
is the autorouter. An autorouter can be helpful on 
some digital boards or some sections of boards, but it’s 
not very adept when it comes to analog designs. Don’t 
let someone talk you into this option unless you’re 
convinced you have enough digital circuitry on the 
board to make it worthwhile. 

One of the first limitations you’ll find when you begin 
evaluating software is the limit on the number of parts 
that you can include in a design. The reason is that 
analog boards require many more physical parts than 
digital ones. You can cram five or six discrete parts 
into the space occupied by one 14-pin IC and many 
more into the space of a 48-pin microprocessor. Thus, 
you may very well run into memory limitations on an 
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analog board much sooner than you would on a digital 
one. However, most analog boards don’t need nearly 
as many physical connections per component as a digi- 
tal board. 

If you plan to design only small- to medium-size 
boards, you may never encounter problems with mem- 
ory limitations. However, if you plan to design any 
large boards at all, make sure the software can make 
use of extended or expanded memory. 

Another possibility is to break the board into sec- 
tions that you can recombine before or during photo- 
plotting. It’s improbable that you would even consider 
such a procedure for a digital board; usually many 
traces run between any two areas. On an analog board, 
though, you may find it very easy to determine a sepa- 
ration line across which only a few signals pass. 


You may want drawing/copying capabilities 

Drawing capabilities may be very important to you 
if you like interesting silkscreen shapes or if you need 
strangely shaped pads. A freehand-drawing feature, 
for instance, allows you to define a pad in the shape 
of a strip-line inductor so that you can assign to it the 
attributes of a physical part. You could then store this 
part in the library and treat it like all the other compo- 
nents for parts-list generation and design-rule check- 
ing. 

Most pe-board programs give you a choice of pad 
shapes but don’t allow you to define them. Make sure 
that all the pad shapes you want to use are available 
in the software package you have in mind. 

You may also be interested in area-copying capabili- 
ties. Area-copying capabilities permit you to define 
an area of parts and traces to be copied as a group 
rather than as individual items. For example, having 
laid out 1 of 15 A/D channels, you could save a good 
deal of time by copying the entire channel 14 times. 
Be aware that you’d almost certainly have to manually 
change the reference designators and signal names in 
each new copy of the channel to ensure correct informa- 
tion in the net lists and the design-rule checks. 

Some aspects of analog design require that you meas- 
ure a trace length or width. Even in a digital design, 
situations may arise when you want to know the dis- 
tance between two components. It’s a great help if the 
software provides a measure of absolute distance or 
relative X and Y coordinates. 

Unlike IC chips, discrete analog parts (inductors, 
transformers, capacitors) do not use standard 100-mil 
spacing between leads. A basic rule for analog CAD 
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software is that it must allow you to specify grid spac- 
ing with a resolution as fine as 1 mil (or better), and 
this rule applies to the definition of parts as well as 
the routing of traces. To design some of the most com- 
mon connectors, a l-or 2-mil grid is necessary. 

In addition, you should have the ability to define 
trace widths to the same resolution as the grid. Some 
inexpensive software packages give you a choice of 
only five or six different widths. For instance, my per- 
sonal preference is to use 20-mil traces for many analog 
signals, but 8, 12, 50, 80, 100, 150, and even 200 mils 
are necessary for some applications. Defining an induc- 
tor or coupling coils in etch would require a custom 
trace width as well. Fig 1 shows an inductive trace 
between resistors Rl and R2. A good rule of thumb 
is to use a width of 8 to 12 mils for digital signals. Fig 
2 shows a 12-mil trace between pins 5 and 6 of U2 
(which has standard 60-mil pads), as well as two 8-mil 
traces between pins 7 and 8 of the same chip. 

You may also need to be able to change the width 
of a trace in midstream. To illustrate this, Fig 2 shows 
a 50-mil trace that narrows down to 20 mils in order 
to pass between R1 and R2 on the way to U3. 

Finally, be sure you can create whatever angles 
you'll need when routing a trace. Some systems may 
allow only 90° and 45° angles, whereas others will allow 
any angle. If most of your traces will be routed along 
45° angles, verify that the system will allow a default 
setting of 45 so you don’t have to set it for each trace— 
or worse, guess by looking at it. 

For analog engineers, probably the most important 
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Fig 1—Grounded copper areas and guarded traces can help to 
eliminate noise problems in analog circuits. 
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characteristic of a CAD software package is its ability 
to handle grounding and guarding signals. You have 
a choice of three types of grounding schemes: creating 
copper areas of any size or shape; creating full-layer 
ground planes that also include signal traces; and creat- 
ing customized or split ground planes. 

The capability to add copper areas is vital if you like 
(or need) to fill in open spaces with as much ground 
as possible after routing the signal traces. You may 
also want to guard sensitive signals by running ground 
traces on both sides of each such signal trace. Fig 1 
shows an example of copper added in a user-defined 
shape as well as a guard around the signal coming off 
Q2’s pin 3. 

Some CAD packages allow only certain shapes of 
copper; other packages do not have the ability to add 
extra copper at all. With many packages, you'll be 
able to add arbitrary ground shapes but you'll be lim- 
ited as to the amount of copper you can lay down. In 
digital designs, you don’t usually need to add much 
extra copper, so software vendors don’t allocate much 
memory for this purpose. Every software package has 
made tradeoffs regarding the way it allocates a limited 
amount of memory to various functions. Techniques 
to circumvent memory limitations may exist, but be 
aware that you might run into problems if you tend 
to reinforce ground or power traces and to add extra 
copper for shielding. 

Creating power and ground planes is important in 
digital designs as well as analog—they are usually the 
first things a digital engineer adds when a design ex- 
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Silkscreen 


Fig 2—Analog circuits usually require a greater variety of trace 


widths than digital circuits. The trace from the top end of R1 was 


narrewed to pass between the pads for R1 and R2. 
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Don’t let a salesperson determine your needs 
and priorities: Most salespeople dowt have 
a strong enough background in analog 
board design. 


ceeds two layers. For this reason, some of the good, 
inexpensive software packages today can handle a sim- 
ple ground plane quite well. Other, less-desirable types 
of software packages require you to define new library 
parts that include thermal relief pads for each ground- 
or power-plane level. If the design uses standard digi- 
tal chips, you can rely on a standard pin (7, 8, or 10, 
_ for example) being connected to a ground plane, and 
the diagonally opposite pin (14, 16, or 20) being con- 
nected to a power plane. But this approach doesn’t 
take into account your standard resistor. You may find 
that every analog part you create must come in at least 
two versions—one with thermal pads and one without. 
This requirement also implies that you must modify 
(or at least inspect) a schematic-capture-program net 
list to be sure that it calls out the correct version of 
the resistor in question. 

Oftentimes, an analog design will have only two lay- 
ers, one of which must be the ground plane. In such 
a situation, you may discover that it’s necessary to run 
signal traces on the ground plane as well. Ask the 
software vendor’s advice on how you can achieve this— 
and don’t be too surprised if no one completely under- 
stands what you’re talking about. To the best of this 
author’s knowledge, no software packages are available 
that can easily incorporate signals on ground planes. 

Even if the vendor doesn’t know how to run signals 
on ground planes, however, you may be still able to 
do so by persevering. It just takes some work and 
planning. 

In a number of situations, customizing a ground 
plane is critical. Perhaps you have a 4-layer board 
with a fairly even mix of digital and analog circuitry. 
You’d probably want to use two layers to route all the 
signals and two other layers for the power and ground 
planes. If you split the ground plane into an analog 
side and a digital side, you can separate the grounds 
while keeping them as heavy as possible, something 
that is very important in certain circuits. Fig 3 is a 
split-ground plane. The left side is a digital ground 
plane (note that pin 7 of each chip is grounded), and 
the right side is the analog section, with some connec- 
tions to that plane. 

As another example, suppose you have a mostly ana- 
log circuit that you want to lay out on two layers (one 
of these being the ground plane). In this case, it may 
be necessary to define an area on the plane as “not the 
ground plane” where you run the digital signals. Many 
different combinations of ground planes with and with- 
out signals may be important to you, depending on 
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Fig 3—You should be able to create a split ground plane that 
isolates the analog and digital grounds and provides maximum 
grounding capabilities. 


your application. Bear these requirements in mind 
when evaluating a software package. 

If you do decide that you want or need custom 
planes, you'll need to be able to check your work before 
committing it to photoplotting or artwork generation. 
At present, you won’t find any software package that 
will let you see a negative image, or a composite nega- 
tive and positive image, on the screen. Most packages 
will let you print or plot each layer individually as 
positive images, however. 

Many vendors provide error-checking facilities with 
their packages—that is, a way to check the spacing 
between pads and traces as well as a way to match 
net-list input to net-list output. Nevertheless, these 
packages fall short when it comes to automatically 
checking added copper or to checking ground planes 
against traces, pads, and net lists. Most software ven- 
dors do not view these deficiencies as problems, either. 
They may very well be mystified as to why you would 
want or need customized planes at all. Realistically, 
then, the only feasible method of checking fancy de- 
signs 1s by eye, and for that you need time and pa- 
tience. 


Report generation is a must 

In choosing CAD software for pe-board design, look 
for programs that take full advantage of the computer’s 
ability to handle tedious and repetitive tasks such as 
generating lists, bills of materials, and other reports 
useful for purchasing, fabrication, and manufacturing. 
Most CAD software provides, at the very least, the 
ability to generate a net list and a parts list from a 
completed board design. Other helpful reporting fea- 
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mula you need appears instantly. 
The alpha numeric display with 
10 digit mantissa plus 2 digit expo- 
gent iS easy to he and oS 


An autorouter can be helpful on digital 
boards, but tt doesn’t handle analog designs 
very well. 


tures relate to job statistics (equivalent ICs and board 
area, number of holes, number of vias, number of 
routed and unrouted traces), bills of materials, and 
ECOs (engineering change orders). 

The program you choose should automatically gener- 
ate fabrication, drilling, and photoplotting information 
in the appropriate formats. A computer can count holes 
faster and more accurately than a person can. If the 
program doesn’t make it easy to get a hole-count or a 
table of hole sizes (for fabrication drawings), be wary. 
Many software packages can generate information in 
the Excellon drill format, which is becoming an in- 
dustry-wide standard for transferring drill-size and 
hole-location information to fabrication houses. In the 
photoplotting domain, Gerber has defined a standard. 
Virtually every CAD software vendor offers this for- 
mat, but it may cost extra. 

Another task that computers do very well is deter- 
mining the spacing between traces and pads. Find out 
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what space-checking features the software package in- 
cludes, especially if it has the analog features you want. 
Most packages have some means of telling you if traces 
are too close together or too close to a pad, but many 
have trouble determining whether space problems ex- 
ist near copper grounds or guard traces. 

Two particularly important characteristics to look 
for are the program’s ability to check any areas of the 
board that are ordinary (mostly digital) and its ability 
to avoid crashing when it’s checking the special analog 
sections. Obviously you don’t want the program to blow 
up, lose data, or otherwise cease to function just be- 
cause it is attempting to check an analog board or area. 
Ask yourself the following questions: What will the 
program do when it finds an error? Will it hang or 
abort, or will it continue to find other errors? How 
many errors is it willing to ignore? 

Some checking programs die after too many errors, 
albeit many engineers wouldn’t consider them to be 
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Tne Integrated CAE Solution 
From Just Under $500. 
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Nothing Captures Today's Solutions Like Schema. 


O mation, originators of the most tation, makes the process simple and error As always, each member of the 
popular design entry software free. All SCHEMA products operate on SCHEMA family of products comes with 
SCHEMA II, presents an integrated IBM personal computers or compatibles, a 30-Day Money Back Guarantee. 
solution to printed circuit board design. _ yet they offer all the features of CAE work- Capture your solutions by calling 
Now you can enter a schematic —=——>1 | stations costing $50,000 for us Toll Free: 1-800-553-9119 (in Texas, 
using SCHEMA II, and then produce Sea) = 4 fraction of the cost. 214-231-5167). Ask about our SCHEMA 
a finished printed circuit card with Se — Family Demo Evaluation Kit. 
SCHEMA PCB and SCHEMA ROUTE. woe CALL TODAY 


From start to finish 2” one easy step. - oe fe Sk OMATI ON 
ree A€MO AISEK. 


The integration, complete with 1210 E, Campbell Rd., Suite 100 


automatic backward and forward anno- CALL: 1-800-553-9119 == _sRichardson, Texas 75081 
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You may run into memory limitations much 
sooner on analog boards than on digital 
boards. Analog boards often require far 
more parts (though fewer connections). 


errors. You may have to hand-check the analog section 
of a board, but the program should perform a complete 
and automatic check of any digital sections. 


Should engineers design their own boards? 

In today’s world, it is very important for design 
engineers to get involved in the layout process to some 
degree. Most layout houses do not employ people who 
can really understand all of the complex issues affecting 
analog and RF circuits. When an outside service bu- 
reau does the work, you'll often find, to your dismay, 
that large parts of the design have to be redone. 

In most instances, a service bureau takes your sche- 
matic, along with some instructions, and returns to 
you a finished layout. You may then have to remind 
them—again—that they must keep the 80-MHz signal 
away from the sensitive analog input, and they may 
then charge you extra to perform the modification. 

A possible remedy is to educate the pc-board design- 
ers as to the electronics and potential parasitics of the 
boards they are designing. Unfortunately, designers 
aren't telepathic and often aren’t even engineers. In 
most cases, only the analog design engineer is familiar 
with the very detailed demands of a layout, and there- 
fore it is the engineer who must become involved in 

the layout. 

From this perspective, a circuit designer who can 
perform board layout is at a distinct advantage. Never- 
theless, pc-board layout is a difficult discipline in its 
own right, and many believe that an engineer’s time 
is better spent designing circuits than learning the art 
of pe-board design. As is true when mastering any new 
software program of great complexity, you have to 
devote a significant amount of time to climbing the 
learning curve. 


Think about some possible solutions 

One way to work with a service bureau is to set up 
comparable hardware and software in the engineering 
facility (assuming it’s not too expensive), thereby al- 
lowing some engineer involvement in the layout proc- 
ess. The service bureau would install and set up the 
system, making sure that the interfaces work and that 
defaults are set to the same standards they use. The 
design engineers could then learn enough to lay out 
parts to their individual specifications and to modify 
the work done by the service bureau’s draftsmen. 

Such an arrangement would, in all likelihood, be the 
first step toward bringing the entire process in house. 
Although it would require hardware and software ex- 
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penditures, it might not necessitate the hiring of some- 
one full time to run the system. 

The ultimate solution would be to bring a computer 
system in house and to hire someone to run it. Unless 
there’s enough work to keep the system manager and 
the system constantly busy, however, most people will 
view this arrangement as too costly. 

In some ways, these inexpensive pc-board design 
programs are giving the world the false impression 
that all engineers should have board-design software 
on their desks. The low cost of such systems doesn’t 
imply simplicity, nor does it imply that engineers 
should, in fact, be designing their own boards. On the 
other hand, many analog engineers end up doing their 
own parts placement and much of the layout, so they 
definitely need some basic layout experience. As time 
goes on, more vendors will recognize the number of 
analog users and how best to address the shortcomings 
of the currently available pc-board-layout software. 
Until that time, engineers need to learn how to over- 
come the deficiencies of those products that are avail- 
able. The conclusion of this 2-part series will provide 
some tips on how to deal with these imperfections. 


Author’s biography 

Kimberley F Quirk is founder and 
president of Engineering Services 
Group in Westford, MA, a company 
that specializes in analog and RF pc- 
board design and consulting. Kim holds 
an AB from Dartmouth College and a 
BSEE and an MSEE from Thayer 
School of Engineering at Dartmouth 
College. In her spare time she enjoys 
tennis, racquetball, and music (both — 
electronic and acoustic). 
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The solution to your signal switching 
is right there on your desk. — 
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Switching’s at the center — 
of the system and the solution. 


KEITHLEY HAS THE BROADEST 
VARIETY OF SWITCHING 
CAPABILITY. 


For small bench test and R&D systems, the Model 
705 Scanner’s 2-switching card capacity offers up to 
40 channels per mainframe. A Master / Slave con- 
figuration enables daisy chaining of as many as 5 
mainframes for extended capacity to 200 channels. 


And our latest innovation is your solution to high 
density requirements; the Model 707 Switching 
Matrix. It features six-card capacity with 576 cross- 
points per mainframe, expandable to 2,880. 


MATCH YOUR SIGNAL 
REQUIREMENTS 


Here's your choice from the 21 switching cards for = ‘ 
either the Model 705 or Model 706 mainframe. Sh 


e 1, 2-, 4-pole (Kelvin) or matrix switching. ia - 

¢ Low voltage switching with <30nV contact @% 
potential. as 

e Low current switching with <IpA offset “FF 
current. 

¢ High voltage capacity to 1,100V. 

e High current capacity to 5A. 

e Thermocouple switching with a built-in 
temperature reference. 

¢ Wide band (500MHz bandwidth) 
switching. 

¢ Long-life, mercury-wetted relay switching. 


For larger system capacity, the Model 706 System 
Scanner gives you 10 slots for up to 200 channels 
of scanning or 200 matrix cross points. Chaining 
multiple mainframes expands capability by a 
factor of 5. 


And this is the outstanding performance you can 
gain from the Model 707 and the most flexible type 
of switching - matrixing: 


¢ Numerous “building blocks”: 8x12, dual 
4x?2, eight 1x12. 

e 1-, 2-, and 3-pole crosspoints. 

e 2uV to 200V switching. 

¢ <IpA to 1A guarded current switching. 

¢ 30MHz bandwidth, coaxially-shielded 
switching. 


: You: are now just one phone call or reply card away : 


from an integrated answer to signal switching 
design and implementation. The various prod- 
ucts, the specific knowledge, and especially the 
expert assistance you will need are - here, at 
Keithley. 


OURS rOCK IN TRADE 

It’s this basic. We work continuously to cunity 
your task. Whether your most critical requirement 
is system sensitivity, signal/noise ratio, or signal 
isolation, Keithley has the capability you need. 


After all, we have been designing and manufactur 


ing precision instruments since 1946, and are a 


world leader in sensitive, low-level instrumenta-_ 


tion. We’ve built that expertise into our line of 
signal switching, instrumentation. | 


HOW WE HELP 


We have paid careful attention to those el 


requirements in designing our sourcing and meas- _ 


uring equipment as well as our signal switching _ 


instrumentation. That gives you excellent mea . 


surements, and produces data you can have 
confidence in. But that’s the end result. 


FROM THE BEGINNING —y 
Our goal is to help from the design definition and 
specification stage. No one in the industry offers - 
as comprehensive a guide to system design as our 
new Switching Handbook. And that’s only one 
element of the technical and appHcanons literature 
that we provide. 


Consultation is available at any stage of your 
design-build-verify process. Our in-depth knowl- 
edge of our products can help optimize aspects of 
your system for signal integrity, throughput, and 
ease of assembly/disassembly. And we gain even 
more expertise by learning about be specific 
application. 


CALL ON Us — 
Get your copy of the Keithley Switching Hand- 


Right there. 


1-800-552-1115 


book, a comprehensive guide to the theory and 
implementation of automated switching systems. 


_ Also, ask for detailed literature on the switching 


units and other products you will need for your 
test system. 


- But first, take a look inside, to familiarize your- 


self with all the elements Keithley provides: The 
products, knowledge, and assistance to complete 
your job. 


20-7164-D High Density Switching 
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SHORTEN YOUR DESIGN TIME 

With the Models 705 and 706, you can pretest 
switch set-ups using the manual operating or the 
706’s Inspect modes. You can mix and match cards 
for the most efficient topologies. And, with the 706 
memory, you can store up to 75 matrix set-ups. 


With the Model 707, you can set up a complex 
matrix configuration, in minutes, right on the 
front panel crosspoint display, using Keithley’s 
innovative Light Pen actuator. The mainframe’s 
memory can save up to 100 matrix set-ups. And 
the 707’s analog backplane eliminates external 
wiring to interconnect rows, so you also reduce 
your assembly costs. 


OPTIMIZE THROUGHPUT 

With the 705 and 706, you can switch channels 

at rates up to 100 per second. You can also control 
testing without tying up a controller by using the 
mainframe’s own interval timer, hardware trig- 
gers, and external digital I/O lines. 
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Programmable Source & 
Measurement 


You can generate precise stimuli to the DUT 
(Device-Under-Test) with Keithley DC Voltage and 
Current Sources which provide high resolution 
over wide dynamic ranges (50u,V-100V and 
0.5pA-10A) with 0.05% basic accuracy. They also 
sink power (up to 100W) as an active load. You can 
program 100 memory steps with output level, 
compliance, and step time duration. 


WIDE RANGING MEASUREMENT 
Measure DUT outputs with one of Keithley’s 
economical and versatile system DMMs, including 
the new Model 199 System DMM/ Scanner. With 
its optional 8-channel scanner, the 199 may be all 
you need if you’re building a small system. 


And the list goes on: we have waveform digitiz- 
ing-, temperature measuring-, and frequency /time 
measuring-instrumentation, as well as instru- 
ments with 10fA, 10nV and 100 sensitivities. 


SOFTWARE TO GET YOUR SYSTEM 
GOING — QUICKLY 


Reduce your start-up time with menu-driven ana- 
lytical test software. 


Asystant GPIB eliminates the need for detailed 
knowledge of either the bus or a progamming 


language. 
You can control up to 12 instruments and perform 


detailed analyses using powerful GPIB control, 
graphics, and mathematical operations. 


THE RIGHT CONNECTION 


Address what is often the most critical part of the 
system — the interface to the DUT — with a test 
fixture such as the Model 8007. Even if you plan to 
develop your own test fixture, we can provide you 
with guidelines for shielding, isolation, and noise 
minimization. 


_ Products 
~ Knowledge, 
Assistance 


Expert-to-expert. You're the expert on what you 
need to measure and your system objectives. Get 
together with our expert Application Engineers on 
creating the system to do it. 


RELAY TEST 


Pea it CIMT ts lee 


Each Keithley switching system is backed e a quality assurance 
program dedicated to ensuring reliable system performance. 
One element of the Q.A. program is the Package 70 Relay Test 
System shown above which is available as a complete system. 


KEITH LEY 


The three levels of the Keithley Solution 


When you work with Keithley, you have one 

source for support — on the hardware, software, 
interfaces, and test fixtures. And, if ever needed, 
we offer a 24-hour Replacement Loaner program, 


Call 1-800-552-1115 

Call between 8 AM and 7 PM Eastern time to 
discuss a Keithley solution to your measurement 
needs with our Application Engineers. And be 
sure to ask for both your complimentary copy of 
our new Switching Handbook, a comprehensive 
guide to the design of switching systems, plus 
specifications on any or all of our ur products. 


Keithley Instruments Division / Keithley Instruments, Inc. 
28775 Aurora Road / Cleveland, Ohio 44139 / U.S.A. / (216) 248-0400 / Telex: 98-5469 


WEST GERMANY: Keithley Instruments GmbH / Heiglhofstr. 5 / Munchen 70 / 089-71002-0 / Telex: 52-12160 / Telefax: 089-7100259 

GREAT BRITAIN: Keithley Instruments, Ltd. / 1 Boulton Road / Reading, Berkshire RG 2 ONL / 0734-861287 / Telex: 847 047 / Telefax: 0734-863665 

FRANCE: Keithley Instruments SARL / 3 Allee du 10 Rue Ambroise Croizat / B.P. 60 / 91121 Palaiseau/Cedex / 1-6-0115 155 / Telex: 600 933 / Telefax: 4-6-0117; 
NETHERLANDS: Keithley Instruments BV / Avelingen West 49/4202 MS Gorinchem/P.O. Box 559/4200 AN Gorinchem /01830-35333/Telex:24 684 / Telefax: 01830- 308 
SWITZERLAND: Keithley Instruments SA / Kriesbachstr. 4 / 8600 Diibendorf / 01-821-9444 / Telex: 828 472 / Telefax: 0222-315366 : 
AUSTRIA: Keithley Instruments GesmbH / Doblinger Haupstr. 32 / 1190 Wien / 0222-314-289 / Telex: 134 500 / Telefax: 0222-315366 

ITALY: Keithley Instruments SRL / Viale S. Gimignano 4/A / 20146 Milano / 02-4120360 or 02-415640 / Telefax: 02-4121249 
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Real time Logic State and Performance 


analysis for the 68020 microprocessor 


PNIA-020 


The Personal 
68020 Microprocessor — 


Logic State Analyzer with increased functionality optimized for the ae “ 
Preconfigured for the 68020 for ease of installation and use. j 
Extremely compact, selfcontained unit with its own processor 
and firmware, operated from a standard ASCII terminal. 
Two serial ports and a transparent mode 
eliminates need for a separate terminal. 
Ideal for development of low level software, 
operating systems, data communication etc. 
Several PMAs linked together provides 

time correlated analysis between CPUs 

in multiprocessors. 

@ Provides remote diagnostics of 68020 
systems via modem. 


TUL 


Logic State analysis 
@ 2K Trace of 88 processor signals plus one St ee cue 
user defined input. «1 Frocoane 7 
35 ! FFOOO3EA 60000006 1 
: 361! FFOOO3EE 60000002 1 
@ Trace data presented in a decoded, human 2 tea UC 
readable form, including coprocessor and i eae | “ 
MMU commands. a ‘ronan — | 
000414 ee 4 : 
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@ Disassembler for 68020 program code. 
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@® Powerful triggers and store qualifiers, 
Trig Output signal. 


@ Powerful search in trace memory. 


a 
Performance analysis : | 
eae poses : START OF TRAC 


@ Address distribution of eigth user . as a : 
defined ranges. 


- ADDRESS ‘WINDOW (9000000 _ 


@ Cache Hit Rate Indication, total and 2 | Sache He haae 
distributed over eigth address ranges. | p eegieeshdon OF 


‘40000000-SFFFFFFF 
QOQ000-7FFFFFFF 15% "*#**5* 


@ Interrupt levels distribution. Ree errr) ek eee 
oe Oh holy ewe 


For more information, 
please contact: 


VMETRO INC. 
2500 Wilcrest, Suite 530 


| VMETRO A/S 
Sognsveien 75 
Houston, Texas 77042 N-0855 Oslo 8, Norway 


Telephone (713) 266-6430 Tel.: (47-2) 39 46 90 
Telefax (713) 266-6919 CIRCLE NO 199 Personal Test Instruments Fax.: (47-2) 18 39 38 


16-bit Performance Boost 
for 6502 Designs 


Upgrade with Ease. With the 16-bit G65SC816 you can 


design embedded control using what you already know. It is 
fully software compatible with a performance boost of 16 
megabyte addressing, 24 addressing modes, 91 instructions 
and 255 op codes. All built on a familiar paseoenes to use 
without compromising functionality. 


Flexibility. Both G65SCO2 and G65SC816 code can be run 
by switching from Emulation mode to Native mode through 
software control. Coprocessors supported through both soft- 
ware and signal pins. 


Performance. High performance CMOS for low power con- 
sumption, high noise immunity and high speeds. 


Compatibility. The world’s most popular 8-bit microprocessor 
family of peripherals is completely compatible and available 
for immediate delivery. And, if pin-for-pin and software com- 
patibility are key, the G65SC802, with internal 16-bit architec- 
ture, is ready for plug-in upgrading. 


Performance Products From a Performance Company. 
We're solid and fully resourced, including microprocessor 
families, telecom devices and thin film resistor networks. We 
offer services in wafer fabrication, ASIC design and packaging 
technologies. You're invited to see our performance first hand. 


Call Steve McGrady, Marketing Manager at (602) 921-6526. 


California Micro Devices Corp. 


Microcircuits Division 
2000 West 14th Street * Tempe, AZ 85281 
(602) 921-6000 * FAX (602) 921-6298 * TLX 187202 


©Copyright California Micro Devices Corp. 1988 
1900-8011 
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Motorola’s new MCM62350 and 
MCM62351 4Kx4 Cache Tag RAMs give 
you the chance to maximize performance 
with any 32-bit microprocessor. 

Even MPUs with Motorola-pioneered 
on-chip cache can be enhanced. This 
new Cache Tag RAM line offers the best 
solution. 


Only from Motorola. 


Now, address four times as much cache. 


And only Motorola’s Cache Tag RAMs 
can double as Status Bit RAMs. This 
exclusive innovation lets you set, clear, 
read, write and compare individual 
status bits. 

It’s possible, using the 62350-51, to 
duplicate the MC68030 cache architecture 
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New Cache ‘Tag RAMs from Motorola 
enhance any 32-bit MPU's performance. 


in which internal caches store four 32-bit 
long words for each tag and still maintain 
a status bit for each long word. 

Both new types feature Exclusive NOR 
(XNOR) and AND-OR-Invert (AOT) 
comparison modes, and address valid 
to match valid times of 25 and 30 ns. 

Still, performance is only part of the 
story. We're the first to make Cache Tag 
RAMs available in the popular SOJ 
package as well as the plastic DIP. In 
addition, Motorola offers the industry’s 
first multi-sourced Cache Tag RAM, the 
MCM4180. And there's more. 


Soon more new fast SRAMs will be 
available to boost performance in other 
system cache memory sockets. 

For additional information, contact 


your local Motorola 
Were 


Semiconductor 
sales office. Or fill 
Our 


out and send the 


completed coupon CS] n-in 
today. te mM 


(AA) MOTOROLA 


Write To: Motorola Ltd., European Literature Centre, 88 Tanners Drive 
I Blakelands, Milton Keynes MK14-5BP, United Kingdom 
4 Please send more information on Motorola Cache Tag RAMs. 
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EMULATION 


MicroCASE supports the 68030 
with 25 MHz emulation. 


Step right — instructions actually execute, and its instrumentation chassis, so 


up to the which bus cycles relate to those you can get compiled code to its 
MicroCASE 68030 __ instructions. target via Ethernet, VAXNet, SUNNet, 
PROBE™ In-Circuit Emulator. The And by merely changing the SCSI or RS-232. Whether you 
first, the fastest, the best 68030 probe tip, the 68030 PROBE also compile on a PC, a workstation 
support of its kind. supports the 68020. or VAX® MicroCASE supports more 
The 68030 PROBE incorporates ‘True source-level debugging object code formats than any 
the same unique features as our The 68030 PROBE provides other vendor. 


highly successful 68020 PROBE™ 
— the debugging tool chosen by 
hardware and software engineers in 
a wide variety of leading high tech- 


No need to wait any longer. Real- 
time emulation and dequeueing 
for the 68030 and 68020 are avail- 
able now. From the number one 


on-line debugging of high-level 
language software. Real source 

statements are displayed, elimi- 
nating lengthy translations from 


nology equipment manufacturers assembly language to your high- supplier of hardware-assisted soft- 

world-wide. level language. = Ware debuggers for the 68000 series. 

Pre-fetch pipeline dequeueing = PROBE uti- | The Atron Division of MicroCASE. 
The 68030 PROBE provides in- —_lizes an IBM® If you'd like more information, 


or a short product demonstration, 


circuit emulation — at speeds up @ call us today at 408-253-5933 


to 25 MHz. PROBE also features 


pre-fetch pipeline dequeueing, Or circle the number on the 
so it’s easy to figure out which reader service card. 
68020 PROBE and 68030 PROBE are trademarks Saratoga Office Center 


of the Atron Division of MicroCASE. VAX is a 
registered trademark of Digital Equipment 
Corporation. IBM is a registered trademark of 
International Business Machines. 


408-253-5933 


ATRON DIVISION 


12950 Saratoga Avenue 
Saratoga, CA 95070 


In the United Kingdom, call Instrumatic U.K. Ltd. — (44) 62844426. In France, call Tekelec— (33) 145347535. In Germany, call Instrumatic Electronik— (49) 89858020. 
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Design Feature 


Logic simulators exhibit 
different levels of 
device characterization 


When selecting a logic simulator, you need 
to evaluate a number of criteria. One of 
the most important 1s the method that the 
stmulator uses to model devices and to char- 
acterize their performance. You'll find 
many dramatically different approaches to 
device characterization. 


Richard S Gogesch, OrCAD Systems Corp 


By eliminating traditional breadboarding, logic simula- 
tion offers designers the potential to reduce design 
cycle time. Simulators possess significant differences, 
however, and you’d be well advised to understand and 
evaluate these differences before deciding upon a simu- 
lator for your application. The CAE requirements of 
any one engineering department vary as widely as do 
an engineer’s preference for a particular design meth- 
odology, and simulation tools reflect these differences. 


Categorize the types of logic simulators 

You'll find several logic-simulator types available, 
but the different kinds are not mutually exclusive. A 
gate- or switch-level simulator can also employ func- 
tional and/or behavioral models. By convention, a simu- 
lator assumes the name of the lowest level at which it 
operates. 
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For strictly switch-level and gate-level simulators, 
the modeling of components takes the same form. A 
model is specified as the interconnection of the lowest 
level of primitives, the basic modeling elements within 
the simulator—n- and p-channel transistors in a switch- 
level simulator and NAND gates, NOR gates, and flip- 
flops in a gate-level simulator. 

Some switch-level simulations have the capacity to 
yield a more detailed output than gate-level simulations 
at the expense of design capacity and simulation speed. 
Modeling a particular component requires a greater 
number of switch-level primitives than gate-level 
primitives, and therefore the capacity (simulation de- 
sign size) of a switch-level simulator is less than that 
of its gate-level counterpart. Because more primitives 
are processed in a switch-level simulation, a switch- 
level simulation runs at a slower speed than that of a 
gate-level one. 

Functional simulations, on the other hand, mimic 
the function of a primitive rather than the actual be- 
havior of each of the constituent gates or transistors. 
A functional flip-flop, for instance, is modeled as the 
sum of each of its setup, hold, and propagation-delay 
times rather than a collection of transistors. The disad- 
vantage of functional modeling is that there isn’t a 
direct correlation of a model to its constituent gates. 

Behavioral simulation allows the designer to simu- 
late models created with a high-level programming lan- 
guage—Pascal or C, for example. The language may 
have built-in constructs for items such as delays, 3- 
state elements, and resistors, which ease the develop- 
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Timing-based simulators are useful for 
evaluating the speed of your design; non- 
timing-based simulators are better suited 
for fault simulation. 


ment of simulation models. Using behavioral modeling 
gives you the capability to simulate very complex mod- 
els, such as controllers and microprocessors, as long 
as the internal states of the model aren’t important. 
If you need to use a microprocessor in your design, it 
is an arduous task to completely specify the wP from 
its constituent components. Functional simulators can 
suffer from the same drawback as behavioral simula- 
tors—there may not be a direct correlation between 
the model and the gates. 

Because of the increasing need to simulate complex 
models as primitives within a larger circuit, both 
switch- and gate-level simulators are now capable of 
behavioral-language integration. Designers can use be- 
havioral models to integrate complex, black-box func- 
tions into their designs while otherwise maintaining 
detailed simulation capability. 


Timing-based simulator does verification 

You also have a choice of either a timing or non- 
timing-based simulator. Nontiming-based simulators 
are primarily used for fault simulation. Typically, a 
design is fully verified with a timing-based simulator 
prior to the initiation of fault simulation; as a result, 
timing-based fault simulation is unnecessary. 

If you want to try to find timing problems with a 
nontiming-based simulator, you can use a timing ana- 
lyzer. If you opt for this approach, then logic verifica- 
tion is all that is required of the simulator. The disad- 
vantage of using a separate timing analyzer is the addi- 
tional step of performing the timing analysis each time 
the design changes. 

Nontiming-based simulators are useful in evaluating 
circuit logic without regard to propagation delays. A 
zero-delay simulator, for instance, is one in which func- 
tional simulation is performed without timing verifica- 
tion. A unit-delay simulator, in contrast, assigns one 
time-unit of delay to each parameter with an assignable 
delay. The result is, again, a strict logic verification 
of the design without any timing analysis. The unit- 
delay simulator offers the advantage of being able to 
detect feedback that would be indistinguishable by the 
zero-delay simulator. 

A primary advantage of timing-based simulators is 
that you can examine critical paths during simulation. 
Timing-based simulators fall into two categories: fixed 
timing and minimum/maximum timing. Fixed-timing- 
based simulators assign a selectable, fixed delay to 
each timing parameter that has an assignable delay. 
Minimum/maximum-timing-based simulators assign a 
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range of delays to each parameter. 

Considerable controversy surrounds the merits of 
minimum/maximum-timing-based simulators vs fixed. 
Advocates of minimum/maximum simulation contend 
that these types of simulators allow for a worst-case 
simulation whereas nonminimum/maximum simulations 
do not. Fixed-timing-based advocates argue that, with 
few exceptions, the usage of a maximum fixed delay 
is the worst-case scenario for synchronous designs. The 
argument continues that, for both types of simulators, 
asynchronous design is very difficult to simulate with 
any accuracy; as device manufacturers continue to re- 
duce geometries, device characteristics change, 
thereby rendering previously used minimum/maximum 
delays inaccurate. 


Component modeling differs quite a bit 

The approach to component modeling among timing- 
based simulators is quite diverse, reflecting differences 
in modeling-language primitives and device characteri- 
zation. You'll find the greatest variation in the area 
of primitive-based device modeling because modeling 
languages are developed to optimize the type of primi- 
tive used. 

As explained earlier, a simulator may allow modeling 
only at the gate level. In such a case, all models are 
constructed as a combination of gates, buffers, and 
delay elements. In addition, you could use some delay 
elements to properly model parameters like setup and 
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hold times. This type of parameter modeling is a diffi- 
cult and tedious process, so modeling languages often 
resemble programming languages, making it easier to 
define often-used collections of primitives as macro- 
definitions. 3 

Functional simulators typically have a more diverse 
set of primitives than pure gate- or switch-level simula- 
tors. A functional simulator might have primitives for 
all types of gates and flip-flops, latches, and even ROM 
and RAM. Because such primitives are at a fairly high 
level, modeling languages are typically net list ori- 
ented. Functional models allow a designer to specify 
parameters such as setup and hold times directly with- 
out being burdened by the implementation of these 
characteristics. 

Behavioral languages for all simulators are alike be- 
cause they resemble high-level programming lan- 
guages, but their implementation does differ. The De- 
partment of Defense has spearheaded a drive to create 
a standard for behavioral languages, which it calls 
VHDL (VHSIC hardware definition language), and 
which it has mandated for all future DoD designs. Most 
simulation vendors are adopting a subset of VHDL as 
their behavioral language. Anyone selecting a simula- 
tor capable of behavioral modeling should only choose 
a vendor who has made a commitment to some form 
of VHDL. 


Device characterization is crucial 

Device characterization involves the operational 
characteristics of the primitives. You'll find that it var- 
ies greatly from simulator to simulator. Consider a 
device as simple as a gate, which models propagation 
delay from high to low and low to high. If a signal is 
applied to an input for a period of time greater than 
the propagation delay of the device, all simulators will 
identically simulate the device. However, if a signal 
is applied to an input for a period of time that is less 
than the propagation delay of the device, different 
simulators will characterize it differently. Some simula- 
tors will ignore the input. Others will propagate a de- 
fined state equal to the glitch width. Another will ana- 
lyze the device’s high-to-low and low-to-high propaga- 
tion delays and propagate the glitch as an undefined 
state for a period of time dictated by the analysis. 
Because this last approach most closely approximates 
the actual performance of a gate, it offers the best 
characterization. For the case of an open-collector gate 
with a high-to-low 5-nsec propagation delay and a low- 
to-high 50-nsec delay, an input glitch of 3 nsec would 
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Fig 1—Simulators have different ways of propagating an undefined 
state. On simulator A, an unknown clock state causes the flip-flop’s 
output to go undefined after a CLK-to-Qour propagation delay. The 
same input condition on simulator B causes the flip-flop’s output 
to become unknown only after the CLK signal, which has become 
undefined, has a potential rising edge. 


have no effect on the output if the gate were in a low 
state. If, however, the gate was initially high, it would 
exhibit a glitch 5 nsec after the input spike. 

How an undefined state applied at the input of a 
gate is propagated to the output of that gate also re- 
sults in varying device characterizations. Most simula- 
tors will propagate an undefined input signal to the 
output only if the logical evaluation warrants the 
propagation, as when an AND gate has all its input 
signals (other than the undefined input) at a logic high 
level. The primary difference in undefined state propa- 
gation is the time delay used in processing. Some simu- 
lators immediately set the output to undefined. Others 
wait the minimum interval of the low-to-high or high- 
to-low delay before setting the output to undefined. 
Another type uses the average of the low-to-high and 
high-to-low delay. A fourth type utilizes either a high- 
to-low or low-to-high delay based on the present state 
of the output. A design engineer needs to assess the 
validity of these approaches in light of a particular 
application. 

As you can see from the previous example of the 
gate, device characterizations can have dramatic differ- 
ences. The parameters in Table 1 represent what it 
takes to completely characterize a D flip-flop with asyn- 
chronous-reset capability. Most simulators characterize 
such a flip-flop with most of these parameters, but 
only a few employ all. Even simulators that model the 
same parameters differ widely in the implementation 
of the characterization, leading to some disparity in 
the output results. 

In the event of a setup- or hold-time violation, most 
simulators will schedule the Q output to an undefined 
state. The time at which the Q output changes to the 
undefined state may vary from simulator to simulator 
because of design considerations similar to those previ- 
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Some logic simulators consider an undefined 
state to be one whose value is unknown but 
as etther a logic one or a logic zero. 


ously discussed for the gate. 

The greatest variation regarding how simulators im- 
plement device characterization is evident when you 
consider how they propagate undefined states. In par- 
ticular, consider what the result of the clock input 
changing to an undefined state would be (Fig 1). For 
a D flip-flop, some simulators will schedule the output 
to an undefined state upon any occurrence of an unde- 
fined input applied to the clock signal present state of 
the clock input to determine if Qoyr should be sched- 


uled to an undefined state. Assuming that the flip-flop 


is a positive-edge device, these simulators will schedule 
Qout to an undefined state only if the initial state of 
the clock signal is low, reasoning that this is the only 
time that the undefined state can generate a positive 


This example reflects a philosophical variation in 
simulators. The simulator of Fig la assumes that the 
undefined state could potentially be an oscillation. The 
simulator of Fig 1b reasons that an undefined state is 
either a low or a high level. Vendors of both kinds of 
simulators pose credible arguments as to why the ap- 
proach they use is the correct one. In this particular 
case, both approaches have some validity. The differ- 
ence in the two approaches is the time at which the 
output goes to an undefined state. The more conserva- 
tive first case forces the output to an undefined state 
immediately. The second case requires a subsequent 
change of the clock input before it schedules the output 
to an undefined state. It is important to note that both 
methodologies achieve the same result—the detection 


edge (Fig 1b). 
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ChipCrafter™ is the integrated design timing analysis at your Mentor Graphics™ 
tool that takes your complex CMOS ASIC workstation makes them easy, and as dense 
design out of the stone-age and into the as hand-packed. 


ture. FREE. ASIC Estimating Kit. 


High-level compiler 55 configurable ibrar- What will it take to do your design with our cutting-edge design 
! tool? Our free ASIC Estimating Kit lets you analyze design trade-offs, 


1€S, process independence, and logic syn- including performance and cost implications, in a variety of processes. 
thesis make ChipCrafter designs efficient. Find out how ChipCrafter and Seattle Silicon chip away at design 


restrictions to deliver the next generation of ASICs. 


Automatic place and route, buffer sizing, and = Call for your free kit:1-800-FOR-VLSI ext. 500. 


SEATTLESILICON 


Launching the next generation of ASICs. 


3075-112th Ave N.E., Bellevue, WA 98004, (206) 828-4422. 


Copyright 1988, Seattle Silicon. ChipCrafter is a trademark of Seattle Silicon Corp. 
Mentor Graphics is a trademark of Mentor Graphics Corporation. 
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You'll find that how a simulator performs 
device characterization will vary greatly 
from product offering to product offering. 


As you can see, device characterization is the most 
important variable when it comes to evaluating a logic 
simulator (for other important features, see box, 
“Don’t forget to evaluate other logic-simulator charac- 
teristics”). A designer should first determine which 
parameters are characterized and then examine how 
they are characterized. If the simulator doesn’t model 
the reset-to-clock-signal removal time, and it is impor- 
tant to your design, obviously the simulator won’t meet 
your requirements. Nonetheless, because so many dif- 
ferent types of simulators are available, it’s probable 
that several of these offerings will meet the needs of 
any individual user. It should be the simulation ven- 
dor’s responsibility to accurately describe the features 
of the product in question, but you'll be better off if 
you're knowledgeable about the specs in question (see 
box, “Benchmarks vary from vendor to vendor”). In 


addition, you, as a prospective buyer, should carefully 
scrutinize the product’s capabilities and restrictions. 


Author’s biography 

Richard S Gogesch is both director of 
simulation products for OrCAD Sys- 
tems Corp (Hillsboro, OR) and presi- 
dent of Gogesch Micro Systems Inc 
(Thousand Oaks, CA). Rich obtained 
his BEEE and M SEE from Youngs- 
town (Ohio) State University. When he 
can find some free time, Rich would 
like to become reacquainted with his 
boat and fishing rod. 
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Can you solve this problem 
with a one-clock telecom tester? 
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This ISDN transceiver requires 
synchronized transmit/receive 
data at 15.36 MHz anda bus 
interface pattern at 20 MHz. 
Given the tester’s single master 
clock, what frequency do you 


program? What integer ratios do 
the dividers need? 
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If you settle for anything less than Synchromaster, the new 
resource-per-pin mixed-signal 
test system from LTX, you’re 
going to wind up one clock 
short. In order to produce test 
frequencies of 15.36 MHz and 
20 MHz with a single-clock test 
system, you would have to 
choose integer ratios of 125 and 


96 and set the pattern generator 
at 1.92 GHz — well beyond the 
typical 100-200 MHz range. 
Only Synchromaster can 
produce the exact combination 
of frequencies this IC requires. 
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Its Dual Synchronous timing 
system uses two high-resolution 
generators, so patterns and 
waveforms aren’t constrained to 
just ratios of a single frequency, 
as they are in single-generator 
testers. 

We've been through exercises 
like this many times, for many 
years. In fact, no one else comes 
close to LTX in mixed-signal 
testing experience. That’s why 
the Dual Synchronous timing 
system is a design fundamental. 
And that’s why Synchromaster 
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Need more time? 


Get the tester with two clocks. 
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gives you the first total mixed- 
signal resource-per-pin design: 
96 pins with complete analog, 
digital and DSP. System-wide 
coherence, eight timing 
markers per pin, on-the-fly time 
set switching, and pattern rates details on Synchromaster’s Dual 
up to 80 MHz. And techniques Synchronous timing system. Better 
for solving the problems of yet, use the telephone. Call Carol 
jitter, pulse mask testing and Everett at (617) 461 1000. 

other telecom measurements ... 

without compromise. 


Send for our White Paper: “Telecom Synchromaster. The new mixed- 
Testing Without Hangups,” for the signal tester from LTX. 


It’s why time has run out on one-clock testers. ZA Responds. 
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The switch is on. 


We offer a very broad capability in analog 
switch solutions, technologies and MIL parts. 
No wonder people are turned on. 


When you need high-quality/ high-performance 
analog switches and multiplexers, why not come to 
the people who have more than 600 device types 
and a wide variety of MIL-STD 883B, Rev C, DESC 
Standard Military Drawings and JAN38510 types. 


A small sample of what we can offer: 


Switch Description 


DG200/DG201 CMOS Dual/Quad 
DG211/DG212 CMOS Low-cost Quad 
DG300A/303A CMOS TTL Compatible 
DG308A/309 CMOS Quad 
1H5040-1H5047 ~— High-level CMOS 
1H5140-1H5145 ~=Improved High-level CMOS 
1H5148-1H5149 ~=High-Level CMOS 
IH 5341/5352 CMOS Dual/Quad/Video/RF 
1H6108/6208 CMOS 8-/4-Channel Differential Mux 
1H6116/6216 CMOS 16-/8-Channel Differential Mux 
1H5108/IH5208 CMOS 8-/4-Channel Diff. Fault Protected Mux 
1H5116/5216 CMOS 16-/8-Channel Diff. Fault Protected Mux 


Coming soon: 
DG508A/509A __—s8-/4-Channel Differential Mux 
DG528/529 ~=—8-/4-Channel Differential Mux with Latches 


1H9108 8-Channel High-Voltage Mux with Latches 
DG201A/202 CMOS 44V Quad 


Choose your technology. 


With a selection like ours, you can choose from 
nearly every major technology, including metal 
gate CMOS, JFET, DI CMOS and DMOS. 

And you can choose the cost/performance that’s 
best for your application. From our DG211 CMOS 
family at 35 cents per channel, to our standard- 
setting [H5341/5352 video switch family. 


A multitude of multiplexers. 


If it’s multiplexers you’re looking for, we won’t 
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disappoint you. We offer a full family of CMOS 
monolithic multiplexers, including our new 
1H9108 8-channel High-Voltage Mux with Latches. 
It’s designed for especially low drain-on, drain-off | 
and source off-leakage. 

Tops in military. 

Look at this roll call: more than 150 switches and 
multiplexers that meet MIL-STD-883B Rev. C. And 
over 90 devices that are on DESC Standard Military 
Drawings and QPL. 

That’s more than anyone else in the business. We 
can deliver these parts in volume from our four cer- 


tified Fab flows that are DESC-certified for JAN 
38510 CMOS and bipolar production. 


Switch to solutions. 


Perhaps most important, when you switch to 
Intersil, you switch to solutions. We offer extensive 
applications engineering support. And we’re devel- 
oping solutions to the problems you face every day. 

So, to get the widest variety of switches and multi- 
plexers, in the widest variety of packages and tech- 
nologies, there’s just one thing you have to do: 


Switch to Intersil. 


For information on getting the right switch or 
mux for your military, computer, disk drive, instru- 
mentation or communications equipment, contact 
your local GE Solid State sales office or distributor. 
Or call toll-free, 800-443-7364, extension 27. 


In Europe, call: Brussels, (02)246-21-11; Paris, (1) 39-46-57-99; London, (276) 
68-59-11; Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500. 
General Electric Company, U.S.A. 


GE/RCA/INTERSIL 


SEMICONDUCTORS 
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TI high-density power supplies; 


less equals more. 


VHSIC components... Surface mount 

packaging . .. DoD reliability and supportability 
requirements — These advanced, evolving attributes 
are driving the requirements for high-performance 
Line Replaceable Modules (LRM) for the weapons 
systems of the 1990's. 

Texas Instruments responded to these high- 
performance LRM requirements by developing an 
innovative power supply solution, one that will 
match the new computer/processor modules’ role in 
future systems. 

The result — a new product family of military- 


qualified high-density power supply SEM-E LRM’s 


that meets tomorrow’s performance and logistical __ 


requirements today. 
TI high-density power supplies will 
give you: 
= Ten times the power density of 
conventional power supplies 
= Five times less weight 


m 80-85% efficiency 


= MIBF of 25,000 hours at worst case conditions as 
in Airborne Uninhabited Fighter (AUF) 


A decentralized power supply concept, using Line 
Replaceable Modules, lets you physically locate the 
power supply within centimeters of the load cards. 
The built-in test circuits allow in-flight operating 
status reporting. And surface-mount packaging, with 
standard military-qualified components, means 
increased producibility through automated 
manufacturing processes. 

Space, weight, reliability, supportability — all 
critical factors in your power supply requirements. TT 
high-density power supplies meet tomorrow’s VHSIC- 
class electronics system requirements — Today. 


Texas Instruments Incorporated 
Advanced Military Power Supplies 
P.O. Box 655012 M/S 16 

Dallas, Texas 75265 

Telephone: 214/995-1245 


TEXAS 


i 
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Which one of these celluar 


radios can not be powersupplied 
by Mascot Electronic? 


(Answer: None) 
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All cellular radios can be used in con- 
nection with 110 or 220 V AC. All you 
need is a small powerful unit that con- 
verts AC to 12 V DC. This will extend the 
use of your cellular radio enormously. 
Just plug in the Mascot unit wherever 
you have access to a power line and the 
connection is yours. In fact, most elec- 
tronic devices are low voltage, DC oper- 
ated and require suit- 


FREE 


32 pages full 
colour cata- 
logue with 
more than 50 la 
different power 
supply units, 
fully specified 
with all 
technical 
informations. 


Markeds-Service 


tronic is Scandinavias’ largest manufac- 
turer of power supply units with a com- 
plete range of more than 50 models - AC/ 
DC power supplies, DC/DC converters, 
DC/AC inverters, battery eliminators, 
chargers..... And even more, customer 
specified units in small or large series on 
request. Since 1964 we have delivered 
more than 4 million power supply units to 
the leading electronics industry inEu- 
rope. So whenever you need reliable 
power supplies, ask for Mascot. 
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HOW TO CONTROL YOUR MICROPROCESSOR DEVELOPMENT SYSTEM 


Two new products from Ashling now provide an unprecedented 
level of control over the microprocessor development project 
completion cycle. VIEWFINDER gives you a multi-window 
emulation control system of unparalled performance, while 
PATHFINDER brings you the most advanced source-level de- 


bug system available. | 
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VIEWFINDER enables you to view your micro processor system 
as it really is - a complex and dynamic interaction of hardware 
and software. 

VIEWFINDER gives you * A powerful multi- window 

interface to the in-circuit emulator. * User-control of 

window content, size, position, combination and colour. 

* Real-time trace of address, data and control lines and all 
digital /O ports. * Quick-Trigger and Precision- Trigger 
definitions. * Inout and output trace synchronisation signals. 

* Comparison of traced data with benchmark data. 

* Repetitive unattended benchmark comparisons. 

* Continuous emulation during trace display and compare 
operations. * Dynamic emulation status display, including 
processor idle or power-down modes. * Execution timing. 

+ On-line user manual and context-sensitive help screens. 


* Command-line, function-key, menu-bar and mouse interface 


options. * Command macros. 


The Development Systems Company 


ASHLING MICROSYSTEMS LTD., LIMERICK, IRELAND. +353-61-334466. 


DISTRIBUTORS: 

AUSTRIA: ING E. STEINER (0222) 82 74 74-0. 
BELGIUM: AIR-PARTS ELECTRONICS (02) 241 64 60. 
FRANCE: ASHLING MICROSYSTEMES (1) 39 54 91 13. 


PATHFINDER enables you track your microprocessor system 
execution as you really should-in your familiar, recognisable 
source-level code. 

PATHFINDER gives you * Source-level language de-bug 

* Real-time trace display in source language, including 
comments. * Trace display optionally in source-with- 
assembly, assembly only, or cycle-by-cycle. * User (list-file) 
source window automatically tracked (sychronised) with traced 
source window. * I/O (port) activity trace automatically 
tracked with user source and traced source windows. 

* Automatic update, including scope checking, ot user- 
Selected variables window. * Automatic symbol type 
recognition. * Large, hierarchical, multi-module symbol database. 
* Source-code pattern search. * On-line source language 


syntax reference and tutorial. 


VIEWFINDER and PATHFINDER operate with the Ashling CT 


range of Universal Microprocessor Development Systems 
which supports the leading 8-bit Microcontroller and 
Microprocessor devices. For availability and price information 
about the ViewFINDER and PATHFINDER product that you need, 


please contact: 


STUNG 


FED. REP. GERMANY: INSTRUMATIC ELECTRONIC SYSTEMS GmbH (089) 8 58 02-0. 
ISRAEL: R.D.T. ELECTRONICS ENGINEERING LTD. (03) 483211. 
ITALY: ELETTRONUCLEONICA s.p.a. (02) 49 82 451. 
NETHERLANDS: AIR-PARTS INTERNATIONAL B.V. (01720) 43221. 
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ON SHOW AT ELECTRONIC 88 

HALL 20, STAND 20 D22 

DISTRIBUTED BY: INSTRUMATIC Gmbh 
SPAIN: INSTRUMATIC ESPANOLA S.A. 91-455 81 12. 

SWEDEN: AKTIV ELECTRONIK AB (08) 739 00 45. 


SWITZERLAND: INSTRUMATIC AG (01) 723 14 10. 
UNITED KINGDOM: ASHLING MICROSYSTEMS LIMITED (0628) 773070. 
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HILIPS - THE GLOBAL ALLIANCE IN TEST & MEASUREMENT 
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PHILIPS 


OTS SMOOTH 


Fast and simple with hs OSD 


Catch the fastest glitches right dawn to J ns, 
or repetitive signals up to 200 MHz. With its 
250 MSA single-shot sampling speed, Philips’ 
new PM 33320A digital storage oscilloscope 
delivers exceptional signal-capture capabilities. 

Valuable acquisition functions like absolute 
min/max (envelope mode), save/stop on differ- 
ence and full pre- and post-trigger help you to 
capture exactly the signals you want to see. 

Then use the PM 332UAS versatile 
measurement and processing functions to extract 
all the information that’s hidden in your signals. 
A full spectrum of measurements includes 
amplitudes, times and phase relationships, both 
from channel-to-channel, or between signals 
stored in different registers. 

And for even more information, PM 332048 
signal-processing modes include basic arithmetical 
functions, differentiation and hii 


analysis. 
pag you eeu power ie UND 
dented in the PM 3320AS price class, 


for tte mee call yout local supplier; : 
Austria® (222) 629141, Belgium (2) 5256692/94, Denmark” (1) 572200, 


. Finland” (0) 5026371, France (1) 49428080, pon! 261) 5010, Great : 


Features: 


Single & Dual Channel FFT Analysers 
0-20 kHz, 100 to 1600 Line Spectra 
Processes include Correlation, Transfer 
Function, Coherence, Octave Analysis. 
RS232 to Printer or IBM-PC. 

Low Cost 


For further information contact:— 
Diagnostic Instruments Ltd, 
264 West Main Street, 
Whitburn, Scotland EH47 OLB 
Tel: 0501 43031 Fax: 0501 43933 
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Fihe new generation silicon compiler 
sagantec 


Sagantec Europe B.V., Kemenade 12b, Son, P.O. Box 2102, 5600 CC Eindhoven, The Netherlands 
Tel.: +31.4990.77117, Telex: 59163 sagan nl, Fax: +31.4990.73297 
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Design 


Design Feature 


innovations 


make 1553 controller 
more flexible 


Although MIL-STD-1553 bus controllers 
reduce overhead for communication over an 
interface, they can result in I/O boards that 
are hard to adapt to different systems and 
sometimes d1fficult to test. You can, how- 
ever, go beyond the controllers’ manufactur- 
ers’ recommendations to make more versa- 
tile and testable boards. 


Steven W Rider, Westinghouse ILSD 


MIL-STD-1553 bus controllers provide an easy way 
to design an interface ranging in capability from a sin- 
gle-channel remote terminal, a dual-channel bus con- 
troller/monitor, or another remote terminal. To build 
a flexible, testable system that demands a minimum 
of system overhead, you should venture beyond the 
manufacturers’ application recommendations. And to 
best understand how to improve your designs in these 
ways, you must also take a look at them within the 
context of particular applications. 

These bus controllers incorporate two types of CPU 
interfaces: DPMA (dual-port memory access) or DMA 
(direct memory access). For the purposes of this arti- 
cle, the DDC Bus-66300/Bus-65600 is a DPMA chip 
set; the UTMC UT1553 Bus Controller/Remote Termi- 
nal is a DMA device. (Although both controllers offer 
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DMA and DPMA capabilities, the UTMC UT1553 
ample discussed here uses only the chip’s DMA mor 
because its DPMA mode does not handle interruptec 
1553 communications in a way that suits the applica- 
tion.) 


DPMA vs DMA 

DPMA, in this context, means that both the CPU 
and the 1553 bus controller can access the memory 
located on the interface (I/O) board. DPMA controllers 
arbitrate CPU access to the interface board’s local 
memory. The CPU requests access to the I/O board’s 
local memory through either memory or I/O read/write 
cycles, depending on the system architecture. The 1553 
bus controller grants access to the CPU as soon as the 
I/O board’s local bus is free. 

Thus the major system consideration when designing 
an interface board that has a DPMA controller is the 
available space for either system memory or I/O- 
addressing. For new systems, either approach is feasi- 
ble, but for existing systems, where memory space 
may be at a premium, I/O addressing offers the better 
alternative. 7 

Like DPMA controllers, DMA controllers provide 
the DMA handshake signals necessary to gain control 
of the CPU bus and access to system memory. Unlike 
DPMA schemes, I/O boards using DMA can access the 
system memory directly and lock the CPU out of that 
memory for the duration of the I/O operation. 

Therefore, when planning a DMA I/O-board design, 


you must consider not only how much memory space 
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You may well want to make your I/O 
boards more versatile than the manufactur- 
ers’ specifications allow. 


is available in the system but also how the CPU’s idle 
time affects the general operations of the system, and 
also whether or not the system can handle DMA at 
all. CPU idle time includes not only DMA transfer 
time but also DMA-handshake delays. When designing 
a new system, these considerations may present few 
or no problems. For existing systems, however, adding 
a DMA interface board could be impractical—or even 
impossible—if the system was not initially designed 
for DMA. 


DPMA is more adaptable 
Of the two approaches, then, DPMA is clearly the 
easier one to adapt to various exisiting systems. For 


one thing, the DPMA requires less system overhead 
than does DMA. Furthermore, its only demand on the 
precious system resources is some I/O addressing space 
(I/O addressing space is often at less of a premium 
than memory addressing space). 

Although a DPMA interface board is more versatile 
from an application viewpoint than a DMA board, a 
DPMA board using the DDC chip set has a major 
fault: It’s hard to test because it is inherently un- 
friendly to fault isolation. 

The Bus-66300, if configured as recommended by 
DDC (Ref 1), arbitrates CPU access to the I/O board’s 
local memory with its IOEN signal (see box, “Signal 
definitions”). This signal is an output from the Bus- 


Signal definitions - 
DMACK: DMA Acknowledge. 


Active low, this UT1553 (pin 58) | 


signal confirms the receipt of a 


DMA Grant; it stays low until - / 
_ MEMCSO: Memory Chip Select 


memory access is complete. 
DMAG: DMA Grant. Active low, 
this input to the UT1553 (pin 57) 
allows the UT1553 to access" 
memory. 
DMAR: DMA Request. Active 
-_low, this signal comes from the 
UT1553 (pin 56) when it requires 
access to memory. It goes inac- 
tive following the receipt of a 
DMAG signal. 

HPINT: High Priority iutecrane. 
Active low, this signal comes 
from the UT1553 (pin 70) upon 
the occurrence of events enabled 
in the High Priority Interrupt 
Register. 


INT: Interrupt. Active low, oe 


output from Bus-66300 (pin 45) 
provides an interrupt pie to- 
CPU. 

IOENBL: same as IOEN 

IOEN: Input/Output Bnable. he 
tive low, the output from the 


ing the Bus-66300 to the CPU’s 
address and data buses. _ 
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IRQ: Interrupt Request. Active 
low, the output to the CPU, G64 
I/O pin B16, for nee a 


CPU interrupt. 


Out. Active low, the output from 


_ the UT1553 (pin 54) to enable 
- memory. 


MEMCS: Memory Chip Select. 
Active low, output from Bus- 
66300, pin 16, to enable memory. 


MEMWR: Memory Write. 


Read=1, Write=0. The output 


from Bus-66300, pin 57, specify- 


ing data-flow direction during 
memory access. —©T 
MEM/REG: Momory/Hesiiee 
Input to Bus-66300 (pin 10) se- 


_lects memory or register data 
transfer: MEM/REG=0 selects 


Bus-66300 registers; MEM/ — 


~REG=1 selects memory. 


RDYD: Ready Data. Active low, 
the output from Bus-66300 (pin 
3) that indicates that data has 
been received from, or is avail- 


_adleto, the CPU. 

| _ RDY: Ready. Active low, the 
- Bus-66300 (pin 42) to enable ex- 
ternal latches or buffers connect- 


output from board (G64 I/O pin 


_A15) used by the CPU to gener- 
ale wait states. ss 
RESET: Reset. Active low, the — 


ona ee CPU (G64 VO p pin n B14) 
for r system reset. 
RWR: RAM Write. Read=1, 


_ Write=0. The output from © 


UT1553 (pin 52) specifies the di- _ 
rection of the we flow eee: a 
memory access, CCC 
BR/W: Buffered Re: ad/V a _ 
Read=1, Write =0. ‘The input | 
from CPU (G64 VO pin A17) indi- 
cating dir direction of data flow. _ 
SELECT: Select. Active low, 
The input to Bus-66300 (pin 1) 
that selects the Bus-66300 Ls op: 
Srauon. 

STD INTL: Bandad Interrupt - 
(Level). Active low, th ae 


mand bik occur. 
STRBD: Strobe oo Active / 
low, the input to Bus-6€ 6300 (pi 
41) in conjunction with SELE | 


from the CPU. . 
VPA: Valid Peripheral Address, 
Active low, the input from the | 
CPU (G64 /O pin Al4) that i in li 2 
cates that the CPU bus-adc res . s 
lines contain an 1 VO ad ress. 
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66300 that enables the external latches or buffers con- 
necting the Bus-66300 to the CPU’s address and data 
buses. Because the signal is an output from the Bus- 
66300, the proper operation of the IOEN signal de- 
pends on a variety of conditions. They include the 
health of the Bus-66300, the timing relationships be- 
tween CPU-generated inputs (STRBD and SELECT), 
the CPU’s recognition of Bus-66300 outputs (RDYD, 
INT), the health of the discrete logic circuits that carry 
these signals, and the general design and assembly of 
the board. 

If a failure occurs that inhibits IOKN, the Bus- 
66300’s data and address buffers remain inoperative, 
preventing CPU access to the I/O board’s internal bus. 
Therefore, in the event of any malfunction that pre- 
vents the Bus-66300 from granting CPU access to the 
board, the board is electronically isolated from the sys- 
tem. Thus, you cannot use just software for fault isola- 
tion, and this limitation makes hardware development 
and debugging unnecessarily difficult. 

Adding circuitry for putting the Bus-66300 under 
CPU control lets you verify your design sequentially 
and also debug (Fig 1). You can then diagnose the 
faults that would have isolated the board, if it were 


DDC DDC 
BUS-29854 BUS-63127 
DATA =} | TRANSCEIVER i. 
BUS A eee _ ope 
= 3 - BUS-65600 
DATA - 
BUS B _ : 


_axiee 
MEMORY 


set up per DDC’s configuration, by placing the board 
under CPU control. At that point, you can test the 
G64 I/O-control circuitry, data and address lines, mem- 
ory, and control circuitry independently from the Bus- 
66300. 

For new designs, this independence means you can 
test the CPU-interface circuitry without having either 
the Bus-66300 or Bus-65600 installed on the board (you 
must place pullup resistors on Bus-66300 outputs 
MEMWR, MEMCS, IOENBL, INT, and RDYD (pins 
57, 16, 42, 45, and 3, respectively). For normal opera- 
tion, the CPU returns board arbitration to the Bus- 
66300, but maintains the power, via software or system 
reset, to regain control. 

Fig 1 shows the block diagram for a G64 Bus to a 
MIL-STD-1553 _bus-interface board, using the DDC 
Bus-66300/Bus-65600 chip set. The CPU’s control lines 
connect to the Bus-66300 via the G64 I/O. But unlike 
DDC’s layout, the control lines must first pass through 
the I/O board’s CPU-control circuitry. This circuitry 
determines whether the Bus-66300 or the CPU has 
control of the I/O board’s local bus and memory. 

Figs 2 and 3 show the details of the CPU control 


Text continued on pg 231 


RAM-ADDRESS 
REGISTER 


BUFFER | 
ie CONTROL LINES 


ADDRESS cP 
ceu 
BUS-66300 BUS AND MEMORY CONTROL _ CONTROL | 


| ENABLE 
G64 1/0 | Fors 
i Ag-Ao 


CPU BUS AND 
MEMORY CONTROL 


RESET 


RDY 
IRQ 


Fig 1—Adding the CPU-control circuitry to its manufacturer's application recommendations allows the system CPU to set up and test 


the 1553 interface. 
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| CPU CNTRL 
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11. MEMSEL 
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Fig ‘2a—The memory-control, bus-enable, CPU-control register, ready, and interrupt circuits of this diagram form the CPU-control 
circuitry, while these data buffers and address demultiplexers form the heart of the design’s dual-port memory. 
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MEM/REG 
CPU CNTRL 
RTADP 
RTAD4 


RTAD3 
RTAD2 
RTAD1 
RTADO 


RAM ADDRESS! 


REGISTERS 


BUS ENABLE 


RAMADDR}4 
RAMADDR9 
RAMADDRo9 
RAMADDRog 


RAMADDRO7 
RAMADDRO6 
RAMADDRO5 
RAMADDRO4 
RAMADDRO3 
RAMADDRO2 
RAMADDRO1 
RAMADDROO 


229 


) 
| 


RAMADDR}1-RAMADDR 99 


D15-Dog 


Do7-Doo 


RAMADDR}1- 
RAMADDR({08 
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MEMCS 
MEMWR 


IOENBL 

BR/W 
66300 SLCT 

MEM/REG 
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5V 
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Fig 2b—The Bus-66300 and its associated chips can handle 1553-bus transactions to and from local memory. 
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DPMA controllers arbitrate CPU access 
to the interface board’s local memory. 


circuitry and timing, respectively. This circuitry is spe- 
cific to the Gespac G64 Bus, the DDC Bus-66300 1553 
controller, and the Electronic Designs 88H04C-35CC 
memory. Furthermore, system specifications require 
I/O mapping of the board’s local memory and disallow 
hard-wired CPU interrupts. 

During normal operation, a software command or 
system reset (RESET) initializes the board to the 
CPU-control mode. The CPU loads parameters into 
the Bus-66300’s internal registers and the I/O board’s 
local memory for 1558 data transfers. After the CPU 
enters all parameters, it grants bus arbitration and 
memory access to the Bus-66300. The CPU then com- 
mands the Bus-66300 to begin 1553 data transfers. 

When a 1553 data transfer is complete, the Bus- 
66300, operating under the assumption that the CPU 
initialized the Bus-66300 in order to generate inter- 
rupts, produces an interrupt (INT). The interrupt sets 
the interrupt register (system specifications didn’t al- 
low using the G64’s IRQ line). The CPU polls the inter- 
rupt register (I/O address 3F 6x) to check its status. 
When an interrupt occurs, the CPU can then either 
access the Bus-66300’s internal registers and the I/O 
board’s local memory using the Bus-66300 as arbitra- 
tor, or the CPU can place the board under its control 
and access the I/O board’s local memory directly. 

The CPU-control circuitry includes the bus-enable, 
memory-control, and ready circuitry as well as the 
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CPU-control register. During power-on i 
the CPU generates a System Reset (RESh 
by default, puts the board under CPU cont, 
control-register output 2Q, CPU CNTRL- 
CPU communicates with the I/O board by ade 
it as a peripheral device (VPA) Valid Periphe 
dress), at locations 3F0yRrx through 8F7yRx (for \ 
ple address 3F0qRrx = Load RAM Address, see th. 
addresses in Table 1). 

When the CPU addresses the I/O board, BD SE- 
LECT and one output of the 74ALS1388 3:8 decoder 
go low. For example, if the CPU initiates a read or 
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Fig 3—The I/O board’s circuitry must meet MIL-STD-1553 timing specifications. 
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lf 0 , emory or in I/O addressing 
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the * 
sf 


memory cycle (I/O address 3F4ypx), then the 

18188 3:8 decoder’s output Y4 (MEMSEL) goes 
. With CPU CNTRL=1, 66300 SLCT (input to 
s-66300 pin 1, SELECT) remains high, thus pre- 
enting the Bus-66300 from generating its data-bus 
and memory-control signals JOENBL, MEMWR, and 
MEMCS). These signals remain high, and. the Bus- 
66300 data and address lines go to the high-impedance 
state. Also, the bus-enable circuitry’s BUS ENABLE 
signal goes low, enabling both the data buffers and 
RAM-address registers. 

When the CPU sets the Y4 output of the 74ALS138, 
MEMSKEL, it enables the I/O board’s local memory 
(CE). The CPU also specifies read or write operations 
(WR) by generating R/W. The I/O board’s RDY output 
from the ready circuitry remains high, which signals 
the CPU that the I/O board requires no wait states 
to complete this operation. The CPU reads from, or 
writes to, the memory location specified by the con- 
tents of the RAM-address registers. 


Normal operation sets CPU CNTRL low 

For normal I/O operation, the CPU relinquishes con- 
trol of the I/O board to the Bus-66300 by setting CPU 
CNTRL low. The CPU accomplishes this setting by 
writing 8XXXyrx into the CPU-control register (I/O 


RAM DATA 


DDC DDC 
BUS-29854 BUS-63127 
TRANSCEIVER 


‘TRANSCEIVER 


UT1533B BUS AND MEMORY CONTROL 


pg sine controller, your only 
yseconcern ts either the space in 


address 3F2yEx. The 74ALS138 3:8 decoder’s output 
(Y2, LDRT ADDR,) strobes CPU CNTRL low (this 
sequence also sets the CPU-control register’s 1Q out- 
put, (MEM/REG) high, selecting access to. onboard 
memory). 

When the CPU requests memory access (I/O address 
3F4yRx) with the Bus-66300 in control of the board 
(CPU CNTRL=0), BD SELECT sets 66800 SLCT 
low, selecting the Bus-66300 for operation. RDY goes 
low anticipating the need for the CPU to generate 
wait states. The Bus-66300, responding to the setting 
of its SELECT input via the 66300 SLCT line, stops 
its present task and generates the IOENBL, 
MEMWKI, and MEMCS signals (depending on the state 
of the BR/W—or RD/WR—and MEM/REG lines). 

The Bus-66300’s IOKNBL sets BUSENABLE low 
via the bus-enable circuitry, enabling the data buffers 
and RAM-address registers. The Bus-66300’s 
MEMWR and MEMCS signals generate the memory 
control signals WR and CE, respectively, via the mem- 
ory-control circuitry. The contents of the RAM-address 
registers specify the location from which data is read, 
or to which it is written. The Bus-66300 pulls its RDYD 
signal low, driving RDY high and indicating to the 
CPU that the operation can be completed without addi- 
tional wait states. 


‘RAM DATA | 
“BUFFER 


BUFFER 


CONTROL LINES 


CPU 
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RESET 
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Fig 4—Like Fig 1, this block diagram has extra circuitry to transform a DMA bus controller into a DPMA bus controller that can be 


put under CPU control at will. 
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The 4192 and 4193/95 500ns A/D 
converters from Teledyne Philbrick: 
the fastest speed for the most 
demanding applications. 

Whether your device monitors a patient or 
measures electron spin in EMR, nanosec- 
onds can make the difference. That's why, 
for any critical application, you should 
specify Teledyne Philbrick—for the fastest 
A/D converters in the industry. 


Available in two standard configurations, the 
4192, 4193 and 4195 12-bit converters fea- 
ture 500ns conversion time, power consump- 
tion as low as 1.7W and tri-state output buffers 
for bus interfacing. 


The 4192 converter lets you select from three 
input ranges: 0 to + 10V, +10V 

and 0 to + 20V. Factory laser 
trims adjust all parameters, 
eliminating the need for 
external circuitry. Sampling 
dynamic signals at better 
than 1.3MSPS can be achieved 
by combining these devices with the 
4860 Track-Hold amplifier. 


Specifically designed for fast, precise digitizing 
of analog signals, these devices also feature 
low harmonic distortion and excellent signal-to- 
noise ratio. 


Qualified to MIL-STD-1772, Teledyne Philbrick 
is aleading manufacturer of high-performance, 
high-reliability standard and custom microcir- 
cuits for industrial, medical, military and space 
applications worldwide. Send for complete 
specifications. Or call us toll-free at 1-800- 
325-1330 (outside MA). 


MIL-STD-1772 Qualified 


AO Allied Drive, Dedham, MA 02026-9103, Tel: 617-329-1600 Fax: 617-326-6313 


WEST: 


30423 Canwood St., 


Suite 212 

Agoura Hills 

CA 91301 

Tel: (818) 889-3827 
Fax: 818-889-8215 


U.K.: 

The Harlequin Centre 
Southall Lane 
Southhall 

Middlesex 

UB2, 5NH, U.K. 

Tel: 571-9596 

Telex: 935008 

Fax: 571-9439 


JAPAN: 

Ath Floor 

Taiko No. 3 Bldg. 
2-10-7 Shibuya-Ku 
Tokyo 542, Japan 
Tel: 797-5251 
Telex: 781-24335 
Fax: 797-5255 
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You must consider the effects of the CPU 
ule time and also whether or not the system 
can handle DMA at all. 


Note that if the CPU had previously written 
OXXXyEx into the CPU-control register (at address 
3F2yEx) instead of 8XXXyRx, the CPU-control regis- 
ter’s MEM/REG output would have been low, and the 
previous cycle of operation would have accessed the 
Bus-66300’s internal registers instead of I/O-board’s 
local memory. 


You can adapt DMA controllers to DPMA 

Although DPMA is a practical—and perhaps the pre- 
ferred—method of CPU interfacing, the majority of 
1553 bus controllers perform only DMA. The control- 
lers work well with systems that support DMA devices. 
Configuring a DMA controller to look like a DPMA 
device requires a special design. An onboard CPU 
simulator can make an I/O board with a DMA controller 
look like one that uses a DPMA device. Fig 4 uses the 
UTMC UT1553 Bus Controller/Remote Terminal to il- 
lustrate such a design. 

Using CPU control improves the I/O board’s testabil- 
ity. You can independently verify the workings of the 
CPU interface with or without the UT1553 installed 
on the I/O board. And the CPU can perform better 
software-directed tests of the I/O board’s functions. 
With the added circuitry that makes the DMA device 
function as a DPMA device, the I/O board adapts more 
easily to a variety of systems because the only system 
resource it needs is a small range of I/O address space. 

The CPU gains access to the board’s bus and memory 
via the CPU-control circuitry (Fig 4). The CPU simula- 
tor simulates the DMA-CPU handshake without CPU 
involvement. Upon a DMA request, the UT1553. ac- 
cesses onboard memory as if it were system memory. 

Fig 5 shows the board’s schematic. This circuit’s 
CPU-control circuitry is similar to that used for the 
Bus-66300 Fig 3, because the CPU bus, memory, and 
system requirements are identical. The differences be- 
tween the two circuits stem directly from the differ- 
ences between the UT1553 and Bus-66300 controllers. 


Major system differences 

Some major differences between the two designs re- 
sult from the UT1553 being set up as a DMA controller; 
thus this device would normally arbitrate CPU access 
to the I/O board’s bus and memory. The UT1553 must 
be set up as a DMA controller because it doesn’t oper- 
ate as the Bus-66300 does. In the Bus-66300, the CPU 
can access status and control registers; in the UT1553, 
such direct access would interfere with the controller’s 
handling of 1553 communication. 
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To allow uninterrupted operation of the UT1553 
while the CPU accesses the board, this design adds 
RAM data buffers and modifies the memory-control 
and bus-enable circuitry. These changes allow the CPU 
to access the board at any time, independently of any 
UT1553 operation and without the board being in a 
CPU-control mode. In the Bus-66300-based I/O board, 
the CPU could access the board, independently of any 
Bus-66300 operation, only with the board in CPU- 
control mode. 

The CPU-control circuitry includes the memory- 
control circuitry, RAM data buffers, and CPU-control 
register. The onboard CPU simulator consists of the 
DMA and DMAG registers, which latch the DMA 
handshake signals used by the UT1553. 

During power initialization, the CPU generates a 
system reset (RESET), which, by default, places the 
board under CPU control (CPU- control register 1Q 
output, CPU CNTRL=0; DMA register Q output =0; 


CPU RAM CNTRL=0). With CPU CNTRL=0, the 


DMA and CPU-control simulator circuitry prevents the 
UT1553 from generating its memory-control signals 
(RWR and MEMCS0O). 

The CPU communicates with the I/O board by ad- 
dressing it as a peripheral device (VPA Valid Periph- 
eral Address) at locations 3F0qRx through 3F 7HRx 


(see I/O addresses in Table 2. When addressed, BD 


SELECT goes low, enabling the data buffers and set- 
ting one output of the 3:8 decoder low. 

If the CPU has initiated a read or write memory 
cycle (I/O address 3F4ypx), for example, MEMSEL 
goes low. A MEMSEL signal produces the RAM data 
buffers’ enable > signal (RAM DATA EN) and memory- 
enable signal (CE). The CPU then generates the read- 
write signal, BR/W, which produces the onboard- 
MOY write signal (WR). The CPU can then read 
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Introducing a complete system of 
modular hybrid components for military 
SMPS designs. 


What do you do when all the primary electron- 
ics are in place, but there’s precious little time, 
budget or real estate left for the power supply? 


Call Teledyne Philbrick. We offer a unique, new 
series of complete modular hybrid power com- 
ponents that are designed to be customized to 
your exact specifications. 


Just choose the configuration you need. The 
2491 Regulating Pulse Width Modulator pro- 
vides all the control functions for the PSU. The 
2473 is adual MOFSET switch with high speed 
drivers and current sensing circuitry. And the 
2478 Dual Schottky Bridge Rectifier provides up 
to three output voltages from a single power 
package. | 


New modular 
power hybrids 
are idealfor ‘~ 
missiles, RPVs 
and other mili- 
tary systems. 
Combine them 
with a transformer 
and input/output 
filters, and you 
create acomplete 
custom power 
supply—in a fraction of the time, and at 
a fraction of the cost, it would take to start 
from scratch. 


Qualified to MIL-STD-1772, Teledyne Philbrick 
is a leading manufacturer of high performance, 
high reliability standard and custom micro- 
circuits for industrial, medical, military and 
space applications worldwide. Send for com- 
plete specifications. Or call us toll-flee at 1-800- 
325-1330 (outside MA). 


TP2491 TP2473 
PWM | | ORIVER/ 


CONTROLLER SWITCHER 


MIL-STD-1772 Qualified 


40 Allied Drive, Dedham, MA 02026-9103, Tel: 617-329-1600 Fax: 617-326-6313 


WEST: U.K.: JAPAN: 

30423 Canwood St., The Harlequin Centre Ath Floor 

Suite 212 Southall Lane Taiko No. 3 Bldg. 

Agoura Hills Southhall 2-10-7 Shibuya-Ku 

CA 91301 Middlesex Tokyo 542, Japan 

Tel: 818-889-3827 UB2, 5NH, U.K. Tel: 797-5251 

Fax: 818-889-8215 Tel: 571-9596 Telex: 781-24335 
Telex: 935008 Fax: 797-5255 


Fax: 571-9439 


EDN October 13, 1988 CIRCLE NO 193 235 


RESET 


R/W 


ENABLE 


VPA 


Ag 
Ag 
A7 
A6 
As 
Ag 


A3 


__BRES— » 6 
CLR INT REG 
BV 
| BY gy, 
[4 , : 
os 3. 13h. 
HPINT INTERRUPT 
7 REGISTER 
12 (eee 
POLL INT REG 


| 
| 
| 
| 
| 
| 
| 
| 
L 


— 


BCRT REG | 
POLL INT REG | 
CLR INT REG 

MEM SEL | 
RD CNTRL WD 
LD CNTRL WD | 
RD RAM ADDR 
LD RAM ADDR | 


CPU CNTRL 


DMACK 


BCRT REG 


SV PU» 


a Deon 


Cpu BRES 
CNTRL 


POLL INT REG | 
5V 
e 


15 12 
Doi ° 


CPU CNTRL 
EXT OVR 


16) 145 
11 


6 CPU RAM 
CNTRL 


Fig 5a—The control registers of this design are similar to the ones in Fig 2 except for the added CPU simulator circuitry. — 
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Fig 5b—Like the cirucit in Fig 2, this design uses buffers and latches to couple the local memory to the system bus under CPU control. 
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Fig 5c—The 1553-bus interface chip performs DMA to local memory instead of system memory. 
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For existing systems, where memory space 
may be at a premium, I/O addressing offers 
the better alternatwe. 


to or write from the memory location specified by the 
contents of the RAM-address registers. 


CPU releases I/O board from its control 

The CPU releases the I/O board from CPU control 
by setting CPU CNTRL high. The CPU sets CPU 
CNTRL high by writing CXXXyprx into the CPU- 
control register (I/O address 3F2yRx; 3:8 decoder out- 
put Y2, LD CNTRL WD high). 

"Taking the board out of CPU control (CPU 
CNTRL=1) allows the CPU-control and CPU-simula- 
tion circuitry to process memory requests from the 
UT1553. The UT1553 requests memory access by as- 
serting its DMA request signal (DMAR) (Ref 2). 

The DMAG register’s Q output, DMAG, goes low, 
producing a DMA grant, which in turn allows the 
UT1553 to begin accessing memory. The UT1553 re- 
sponds to the DMA grant by asserting a DMA acknowl- 
edge (DMACK). The first DMACK sets the DMA reg- 
ister’s Q output low, indicating to the CPU that a 
DMA has begun. The DMA register’s Q output, CPU 
RAM CNTRL, goes high, making the RAM data buff- 
ers go to the high-impedance state, and preventing 
CPU access to the memory-control signals (WR and 
CE). The UT1553. asserts TSTCL when it is actually 
accessing memory. A TSTCL signal presets the DMAG 
register (DMAG=1) in preparation for another DMA 
request. 


CPU retains access 

Although the UT1553 has control of the onboard 
memory, the CPU still retains access to much of the 
I/O board’s circuitry. Specifically, it can access the 
RAM-address registers (address 3F0yEx and 
8F lyrx), CPU-control register (address 3F2ypRx and 
3F3yRx), and interrupt and DMA registers (I/O ad- 
dress 3F5ypx and 3F6yRrx). During UT1553 memory 
operations, CPU access to either memory (I/O address 
3F 47x) or the internal registers of the UT1553 (I/O 
address 3F7yRx) is illegal. A high CPU RAM CNTRL 
signal blocks these two operations. 

The UT1553 retains uninterrupted access to memory 
until the CPU places the I/O board back under CPU 
control (writes 4XXXypx to I/O address 3F2ypR x). If 
the CPU requests control during a DMA cycle, CPU 
RAM CNTRL remains high, preventing CPU access 
to memory, until DMACK goes high, indicating the 
end of the DMA cycle. 

During normal operation, a typical operating se- 
quence might begin when the CPU initializes the I/O 
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board to the CPU-control mode via a system reset or 
writing to the CPU control register. The CPU loads 
parameters into the UT1553’s internal registers and 
memory for a 1553 bus data transfer. Then it grants 
memory access to the UT1553 and commands the 
UT1553 to begin 1553 data transfers. 

The interrupt register latches the interrupts gener- 
ated by the UT1553 (STDINTL or HPINT). Upon com- 
pletion of 1553 bus data transfers, the UT1553 sets the 
interrupt register (interrupt-register Q output =1). 
The CPU polls the the interrupt register (I/O address 
3F6yEx) for status. When an interrupt occurs, the 
CPU places the board into the CPU-control mode, 
reads data from memory, and re-initializes the board 
for more 1553 bus data transfers. © 


References 

1. MIL-STD-1553 Designer’s Guide, ILC Data Devices 
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2. UT1 553-BCRT-1 1-4-86-TR Data Book, United Technol- 
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IBM PC 
COMPATIBLE? 
100% 


or Your 
Money 
Back. 


Octagon’s new STD—XT™ CPU 
-card and XT Support card for the 


STD Bus deliver 100% IBM com- 


patibility. If your software runs 
on an IBM, it will run on our 
system, every time. We guaran- 
tee it—or your money back. 


Convenience: 
Your compilers, scientific soft- 
ware, “C” libraries and debug- 
ging tools all work just 
the way they do on 


your PC. STD 


AK 


Compatibility: 
The Phoenix BIOS 
insures that every soft- 
ware call is IBM compatible— 
Western Digital and Chips and 
Technologies ASIC chips insure 
compatibility right down to the 
hardware level. No compro- 
mises, no exceptions. 


STD MANUFACTURER'S GROUP 


STD-XT and STD BASIC III are trademarks of 
Octagon Systems Corporation. IBM PC is a 
trademark of IBM. Western Digital, Phoenix, 


Chips and Technologies are respective trademarks. 
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Rugged: 

Our STD-XT uses high noise 
immunity CMOS, operates over 
a 0° to 65°C range, and both 
cards require only 3.2 watts. 


Stand Alone Operation: 
The STD-XT card can be used 
alone with a terminal. Applica- 
tions can be written in the 
resident STD BASIC III™, the 
best ROM-based, industrial 
BASIC available. Or you can 
use our optional ROM Disk 
Card and software to ROM 


Low Cost: 

The STD-XT card is $795 and 
the XT Support card is $695. 
Prices include 256K RAM and 
BIOS and STD BASIC III. 


FREE CATALOG 
available on the STD—XT and 


other STD Bus products. 
CALL (303) 426-8540 
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“C,” PASCAL or other software. 


Features: 

STD—XT 

e COM1 and COM2 serial ports 

e LPT1 printer port 

e 128K battery—backed RAM 
included 

e 192K optional RAM/ROM 

e Battery-backed clock 

e IBM keyboard input 

e 4.77 and 7.15 MHz. 


XT SUPPORT 

e Floppy drive controller for 
3.5"/5.25" drives 

¢ RGB color and monochrome 
monitor port 

e Upto 384K of static RAM 

¢ Upto 16M on RAM/ROM 
Disk Cards. 


OCTAGON SYSTEMS 
CORPORATION 


6510 W. 91ST Avenue 
Westminster, CO 80030 
(303) 426-8540 
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Introducing the NCR 2208. The one, and only 40- 
column printer that has the functionality of two. 

And that’s twice as good because now one printer 
can handle just about any retail transaction. Three 
print modes and 90° font rotation provide horizontal 
receipt printing as well as horizontal and vertical slip 
printing. This makes the 2208 the first printer in the 
world that can handle both EFT and credit 
authorizations with equal ease. 

You also get more design flexibility. The 2208 is 
available in either a standalone unit or as a print 
mechanism only. And both configurations are 
lightweight and offer an extremely small footprint. 

And when you use one printer to do the work of 
two, you can reduce your inventory and 


service— practically in half. 

The final point of comparison—cost. Obviously 
buying one printer is better than buying two. It’s 
like getting one printer free. And that gives you 
either better margins or more aggressive pricing on 
your systems. 

The only thing that could make this printer 
better is that it’s from NCR -—-the world’s leader 
in POS products. 

If you’re looking for a way to be twice as good 
as the competition, call the NCR Technology 
Marketing Division at 1-513-445-7443 for a 
demonstration. The new 2208 Slip/Receipt 
Printer—only from NCR. 


Creating rahe 


NCR is the name and mark of NCR Corporation. 
© 1988, NCR Corporation. 
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Tired of trying to put 
a10-lb. switche ina5-lb. bag? 


Boost Converter (5V to 12V) 


VIN 


LT1072 


Vin Vout 
OV, 0.75A 


4.4k 


LT1072 


1.24k 


Vin *REQUIRED IF INPUT LEADS = 
—20V TO —56V 


DESIGN IDEAS 


EDITED BY CHARLES H SMALL 


Serial port controls parallel device 


John MeGowan 
Advanced Micro Devices, Santa Clara, CA 


The serial-to-parallel converter in Fig 1 can transform 
your IBM PC into a controller. The circuit suits low- 
speed applications that require no more than one byte 
of data per second. A simple Basic routine (Listing 
1) writes to the converter by using a PRINT state- 
ment. 

The falling edge of the start bit of the serial data 
triggers half of the LM556 dual timer, which is config- 
ured as a one-shot. This one-shot enables the other 
half of the LM556, which functions as a 300-Hz clock. 
The 300-Hz clock serially shifts the 300-baud data from 
the PC into the 74HC164 serial-in, parallel-out regis- 
ter. The one-shot’s period is just long enough to enable 
nine clock pulses. These nine pulses shift in a full byte 
of data and shift out the start bit. 


3x %474HCOO 
Va MC1489A 


Tx 
€ 
DATA > 


SIG GND 
IE TO 
SYSTEM GROUND) 


me v JUMPERS 


TO 


CTS ON ENABLE 
HANDSHAKE 
DSR 5 


NOTE: 
ALL RESISTORS ARE +5%. 
ALL POTS ARE MULTITURN. > 


LISTING 1 


OPEN “COM1:300,N,8,1,CSO,DSO” AS #1 
FOR J=0 TO 255 
A$=CHRS(J) 


PRINT #1,A$; 

PRINT ‘just sent # ‘J’ in count sequence. . .” 
FOR l=1 TO 100:NEXTI . 

NEXT J 

GOTO 12 


The rising edge of the inverted output from the one- 
shot latches the parallel data into the 74HC273. The 
circuit has a power-up reset function, which prevents 
the output port from coming up in a random state. 


To Vote For This Design, Circle No 747 


LM556 O 5V 


[| CLK ENABLE 
5! 


74HC164 


QA * <6. * QH 


74HC273 


DATA OUT 


POWER-UP RESET 


Fig 1—This serial-to-parallel converter allows your IBM PC’s serial port to control low-speed (1 byte/sec) processes. 
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Full adders form 7-input carry-save adder 


Shantha Fernando 
Arthur C Clarke Centre for Modern Technologies, 
Katubedda, Sri Lanka 


Building on an earlier design for configuring a 4-bit 
full adder as a dual carry-save adder (“Adders enable 
detection of multiple inputs,” EDN, April 28, 1988, 
pg 240), Fig 1 shows two such adders operating as a 
7-bit carry-save adder. Configured this way, the 
74LS283s produce their sum and carry outputs with a 
delay of less than 24 nsec—outperforming the 74LS183 
dual carry-save adder. 

In Fig 1, IC, adds three bits (a, b, and ¢) and pro- 
duces two single-bit outputs, S,p. and Cape. Similarly, 
one-half of IC generates Sger and Cages. The other half 
of ICg adds these intermediate sum and carry outputs, 
together with the seventh input, g, and generates the 
final outputs, Co, Cy, and S (S is the LSB). 
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3-BIT OUTPUT 


Fig 1—Cascading two full adders, each one configured as a carry- 
save adder, produces a 7-bit carry-save adder that’s faster than its 
monolithic TTL counterpart. ye a 


Algorithm unrolls spectra 


Sylvie Renaud | 
IXL-ENSERB, Talence, France 


Dynamic testing of A/D converters often involves an 
FFT analysis of their output. Aliasing can cause prob- 
lems, however, when you attempt to interpret the re- 
sulting spectra—particularly at high input frequencies 
that are close to the Nyquist limit. The spectra are 
muddled because each peak comes from the spectra 
translated to Fy, 2Fs,..., and —Fg, —2Fy,.... 
The problem is that these peaks do not occur in the 
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normal ascending and descending sequence that you’d 
expect harmonics to occur in (Fig 1). Analyzing them 
requires long and tedious calculations. 

To avoid these calculations, you can employ the fol- 
lowing simple algorithm. You begin with the file of N 
samples of the ADC’s output recorded in chronological 
order. Then you rearrange that file according to this 
rule: 


j=Rxi-NxINT(Rxi/N), 
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de to 3GHz 


e less than 1dB insertion loss over entire passband 
¢ greater than 40dB stopband rejection 

¢ 5 section, 30dB per octave roll-off 

¢ VSWR less than 1.7 (typ) 


- over 100 models, immediate delivery P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
eme ets MI | —E a D-?02 Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 


¢ rugged hermetically sealed package (0.4 x 0.8x0.4 in.) 
¢ BNC, Type N, SMA available 


LOW PASS Model 10.7|21.4| 30 | 50 | 70 | 100 | 150 | 200 | 300 | 450 | 550 | 600 | 750 | 850 | 1000 


Min. Pass Band (MHz) DC to 10.7} 22 | 32 | 48 | 60 98 | 140 | 190 | 270 | 400 | 520 | 580 700 | 780; 900 
Max, 20dB Stop Frequency (MHz) 19 32 | 47 | 70 | 90 | 147 | 210 | 290 | 410 | 580 | 750 | 840 | 1000 | 1100 | 1340 


Prices (ea.): P $9.95 (6-49), B $24.95 (1-49), N $27.95 (1-49), S $26.95 (1-49) 


HIGH PASS Model 250| 300! 400| 500} 600; 700| 800/ 900 1000 
start, max. 1000 
Pass Band (MHz) end. min. 5200 


Min. 20dB Stop Frequency (MHz) 26 720 


Prices (ea.): P $12.95 (6-49), B $27.95 (1-49), N $30.95 (1-49), S $29.95 (1-49) 


Prefix for pins, 6 for BNC, IN for Type N, © for SMA 
C105 REV.D 
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where i is the index into the original file, j is the 
corresponding index into the transformed file, and R 
is an integer. 

Note that you must perform the test with coherent 
sampling. That is, mx Fy=NxF yy, where m and N 
are integers and also coprimes. To maintain coherence, 
the integer R must be asubmultiple of m. 

In other words, index j is the result of modulo-N 
multiplication between the input index and integer R. 
This somewhat mysterious process has the effect of 
multiplying the number of samples by R, and thereby 
generating an artificial oversampling at an effective 
rate that’s R times greater than the actual sampling 


Fig 1—This FFT of an A/D converter’s output has some spectra, 
X and X", that indicate a bad converter, buried among other, out-of- 
order spectra. 


rate. This oversampling enables you to “unroll” the 
spectrum, making it more intelligible (Fig 2). 

In the example in Fig 2, the artificial-oversampling 
algorithm reveals a defect in the A/D converter by 
isolating spectral components X and X’, which are lo- 
cated at (Fs/2—F yn) and (Fo/2-2F yy), respectively. 
In the direct FFT in Fig 1, these components are 
mixed with harmonics and are difficult to detect. 
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Fig 2—After performing the artifical-oversampling transformation 
of the A/D converter’s output, a second FFT unrolls the spectrum 
and isolates the error components clearly. 


Single MACD performs IIR filtering 


Richard H Neubert 
Vermont Research Corp, North Springfield, VT 


By concatenating your data vectors, you can program 
the TMS32020 DSP chip to perform an IIR-filter caleu- 
lation using only one MACD instruction; the IIR filter 
can have an arbitrary number of poles and zeros. You 
need to set up the chip’s multiplier, accumulator, and 
repeat counter only once for each execution of the fil- 
ter. Assuming you have preinitialized the CNF, SXM, 
and OVM bits in the status register (you can initialize 
the ARP bit with the CALL instruction), the subrou- 
tine in Listing 1 will execute an IIR filter with two 
poles and two zeros in 18 cycles (3.8 sec at 5 MIPS). 

To use only a single MACD instruction in your filter 
loop, you must make sure the filter output is also the 
feedback value. You can concatenate the two delay 
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vectors in any order; however, you must store the filter 
coefficients in the reverse order of the corresponding 
input-vector elements, because the DMOV operation 
in the MACD instruction addresses them in reverse 
order. Using the order for INPVEC shown in Listing 
1, the DMOV operation on the last word of INPVEC 
overwrites the first word in FBVEC and the first word 
in FBVEC, and then is rewritten after the MACD 
loop. Likewise, the word at the beginning of INPVEC, 
which the last execution of the MACD loop overwrites, 
is rewritten at the beginning of the next filter operation 
with the new input sample. 

The last execution of the MACD loop leaves, in the 
P register, the product of JUNKO multiplied by the 
last word of IIRCFT. Setting the coefficient to 0 con- 
veniently clears the multiplier for the next calculation, 
if necessary. If the next calculation is another filter 


EDN October 13, 1988 


— demane 
But its 


ises. That new’ approach is Superintegration 


pined and enbanced jor 


ris. 
arte igen  pitecture and the same s 
ing with. Compared es nese 
risk, And non-recurring ©". 
es on eliminated. Plus, tight nego 
‘ormance. And board real é 
k what all this can mean 


ASSPs mean a 
ing (NRE) eee 
| ‘ssronificantl) reduced. Thin 


Tarek bon Ils, 
- Tecate: ot working generic COTES, saps 
, Cob d af deliver—Superintesra” 


to your time-to-mar ¢ his. Nobody bas a more complete 


s hetter qualified to 


Great code compatibility. 
Terrific performance. Superintegration. 


Zilog’s Z80180™ is the CMOS general purpose controller 
with the high performance and the on-board peripherals 
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Full software compatibility. 
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Enhanced performance. 


Of course, the Z180’s CPU core gives you more power and 
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Superintegration.” 
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instead of some other DSP operation, concatenating vos, where the control effort is the sum of individually 
its coefficient vector with IIRCFT and its delay vector filtered variables. Note, however, that to accumulate 
with FBVEC will leave the first product of the next the sum of filter outputs this way, you must make 
filter in the P register. This property is quite useful sure that all but the first filter are FIRs instead of 
in wideband control applications such as disk-head ser-_ IIRs. 


_NPOLES | 
 $-INPUEC 
$-1 
t 


Coefficient storage in block BO. (use TBLW to initialize): 
All gis. 


- DPORG = >FFOO - near onary block #0 
T BSS oomeae) = 


“ur FILTER SUBROUTINE 


“(subroutine start address) 


CH FBKVEC,t...... ‘Store feedback value, _replac: ng 
. oe oo _ from INPVEC. — 
0035 o40B CcE26 oo 5 . ae value returns in ACC. 
ee ERRORS, NO WARNINGS : 
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Nobody, but 
nobody, offers 
or delivers more 


rechargeable button cells 
and batteries than Varta. 


The first in NiCd batteries. 
This year, 
1988, Varta cele- 00 
brates its 100th 
year in manufac- 
turing batteries 
of all types. In 
the '50’s we led 
the world in com- 
mercialization of NiCd batteries. 
We invented the mass-plate cell 
construction which excels over 
sintered nickel-cadmium cells. 


Unique performance advantages. 
_ Instand-by at ambient tempera- 
tures, our mass-plate button cells 
retain 60% capacity after 12 months 
versus about three months for 


1988 


VARTA 


have much lower internal losses. 
Similarly, they require much lower 
recharging rates, as low as IMA 


sintered NiCd cells, because they © 


(C/100) versus 4-7mA for compe- 
tition, so charging power and 
circuitry will be minimized. 


More compact designs. 

Varta mass-plate button cells and 
batteries usually take much less 
Space — or let you put up to 40% 


Self discharge comparison at 20°C 


to 
o 


€ Capacity loss % 
Ss & 


Sintered constuction 


G1 2 3 4 5 6 BR O10: 1: Ag 
Storage time t (months) -> 


more capacity in the same space. 


Better shelf life. 

Cells can be stored in any state of 
charge for over five years without 
significant loss of performance. 
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Cost benefits, too. 

‘With all their advantages, Varta 
mass-plate button cells and 
batteries usually cost less than com- 
parable sintered-type cells. 


Many sizes and types. 

Capacities range from 4 mAh to 
1000 mAh. Many flat or stacked bat- 
teries can be assembled. Extra high 
temperature ratings and UL list- 
ings are available in 

key sizes. For re- 

chargeable applica- 
tions above 1000 mAh, 
Varta also offers a 
complete line of 
NiCd cells and bat- 

mics 

For an introduction 
to Varta’s world-leading line of 
rechargeable button cells and bat- 
teries, please ask for “Who's Got The 
Button’. Call 1-800-431-2504, 

Ext. 260, or write below. 


VARTA Batterie AG, Am Leineufer 51, D-3000 Hannover 21, West Germany, Tel. (49) 0511/79031 
VARTA Batteries, Inc.,300 Executive Blvd.,Eimsford, NY 10523, USA, Tel. 1-800-431-2504, Ext. 260 
VARTA Batteries Pte Ltd., 1646 Bedok North P.O. Box 55, Singapore 9146, Tel. (65) 241-2633 
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You need not scale FBVEC and INPVEC identi- 
cally. However, you must constrain the feedback vec- 
tors with scale factors such that the total shift from 
FBVEC back to itself is zero when the vectors are 
shifted with available P modes and output shifts. 

In this design, as with any direct form of IIR realiza- 
tion, coefficient scaling can be a limitation for filters 
with more than two poles. You may have to add extra 
instruction cycles to handle the integer parts of some 
coefficients in order to scale them for the required 
precision—especially if your filter has low-frequency 
poles. You can reduce a stored coefficient by one if 
you change the ZAC instruction to LAC FBVEC,14. 
This change will effectively add the integer 1 to the 
first feedback coefficient. You can use this trick to 
permit Q15 scaling of feedback coefficients for 2-pole 
filters (Listing 2). Note that in Listing 2, the Q15 
scaling changes the required shift to 15 for the LAC 
instruction. 


In some applications, such as speech synthesis, de- 
signers often cascade lower-order filter sections. If de- 
lay is not important, you can easily cascade filter sec- 
tions if you use the value moved out of one FBVEC 
(by the DMOV instruction) as the input to the next 
INPVEC (Listing 3). Note that the routine in Listing 
3 initializes AR1 and the multiplier only once for the 
chain of filters. Note also that the routine executes the 
low-order filter section in reverse order, and the out- 
puts of all but the last section are taken from the ends 
of the feedback delay lines. This arrangement adds a 
propagation delay that’s equal to the sample period 
times the total number of feedback taps (minus those 
in the last section), but minimizes execution time per 
sample. The memory requirements for code and data 
space are also minimal. 
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LISTING 3 


Example of cascading 3 IIR filter sections 


Feedback coefficients are Q15. 


For this example, number of poles 


0001 * and zeros in each section is the same. 
oo0e - This is not a requirement. 
0003 - 
ooo OO00e NPOLES EQU _ 2 Number of poles per filter section 
0005 QGOl NZEROS EQU 1 Number of zeros per filter section 
O006 0003 NSECT EQU a Number of Filter sections 
0007 QOOO% LIRLEN EU NPOLES+NZEROS+1 Length of each coefficient vector 
0008 — 
0003 0006 VECPAG EQU 6 
0010 O300 VECPAD EQU >300 Internal memory block Bl 
0011 0000 DORG (a) 
0012 0000 JUNKO BSS 1 An internal memory word for last NMACD 
0013 OOO1 INP1 BSS NZEROS+1 
001% 0003 FBK1 BSS NPOLES 
0015 000S INPe BSS NZEROS+1 
0016 0007 FBKe BSS NPOLES 
0017 OOOS INP3 BSS NZEROS+1 
0018 OOOB FBK3 BSS NPOLES 
0019 OOOC VECEND EQU 5-1 
0020 OOOD JUNK1i BSS 1 Catches data DNOV’d by ist MACD. 
O02 | * 
00e2 * Coefficient storage in block BO, all Q15. 
0023 * Use ITBLW to initialize coefficients. Should clear data memory also to 
oo0e4 * avoid any large output transients on startup. 
0025 * : 
0026 FFOO : DORG >FFOO Internal memory block BO 
0027 . 
0028 FFOO IIR3 BSS IIRLEN “be, ~hi-1, al, av for 3rd section 
00293 FFOY Tike BSS ITIRLEN “be, “bl-1, el. ag for end section 
0030 FFOB IIR1 BSS ITIRLEN “be, bil, a). 80 for ist section 
0031 * 
003e FFOC JNKOCF BSS a = 0 if desired to clear P reg. upon compietion. 
0033 * 
0034 * 
0035 * 3 SECTION FILTER SUBROUTINE 
0036 * 
OG37. O00 AORG >400 Csubroutine start address) 
0038 * 
0039 0400 C806 FILIR3 LOPK VECPAG Call with ARP=AR1. 
OO40 O401 63901 SACH INP1,1 Store input value in First input vector. 
0041 O40e CEO7 SSXM so 
oo%e O403 CEOS CNFP Needed if block BO is used elsewhere for data. 
0043 O404% CEOS SOUN 
oo4%4 O40S CEOS SPM ie) Select O shift Cfor @15 feedback coefficients: 
0o4%S O406 ADDO MPYK 0 Po :* 0 
OO46 O4O0O7 D100 LRLK AR1, VECPAD+VECEND 
0408 O30C 
0047 * 
OO4B * Start with last (3rd) section: 
oo4+S » 
0050: O4OS eFOB LAC FBK3,15 ACC := 1." FBKSC0) oe 
0051 O40A CBOY RPTK IIRLEN Note, extra cycle does final APALC, UNUY’s output 
0052 O4YO0OB SCS0O MACD lIR3,*- of end section into INP3SLOJ] and initializes 
O40C FFOO 
0053 * P reg. to FBKel1I © Liketod. 
O0O0S4 O4OD &S0B SACH FERS 1 Store feedback value, replacing UMUV'd INPSLII. 
0055 * 
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field: its rugged pack- 
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Design Entry Blank 


$100 Cash Award for all entries selected by editors. An 
additional $100 Cash Award for the winning design of 
each issue, determined by vote of readers. Additional 
$1500 Cash Award for annual Grand Prize Design, 
selected among biweekly winners by vote of editors. 


To: Design Ideas Editor, EDN Magazine 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 


| hereby submit my Design Ideas entry. 
Name 


Title Phone 


Company 
Division (if any) 
Street 

City 

Design Title 


Home Address 


Social Security Number 
(Must accompany all Design Ideas submitted by US 
authors) 


Entry blank must accompany all entries. Design entered 
must be submitted exclusively to EDN, must not be 
patented, and must have no patent pending. Design must 
be original with author(s), must not have been previously 
published (limited-distribution house organs excepted), and 
must have been constructed and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or editor 
gives written permission for publication elsewhere. 

In submitting my entry, | agree to abide by the rules of 
the Design Ideas Program. 


Signed 
Date 


ISSUE WINNER 
The winning Design Idea for the July 21, 1988, issue is 
entitled ‘““Compensate op amps without capacitors,’ sub- 
mitted by Glenn DeMichele of Harris Semiconductor 
(Wooddale, IL). 


Your vote determines this issue’s winner. All designs 
published win $100 cash. All issue winners receive an ad- 


ditional $100 and become eligible for the annual $1500 
Grand Prize. Vote now, by circling the appropriate number 
on the reader inquiry card. 


Circuit divides by 2 or 3 


Dinesh Venkat 
Zymos Corp, Sunnyvale, CA 


The circuit in Fig 1 produces a symmetrical waveform 
when dividing by either 2 or 3. The Divide Select input 
controls the division factor. When Divide Select is high, 
flip-flops IC, and ICs, along with associated gates, 
form the classical divide-by-8 circuit. 


U DIVIDE SELECT 


SYMMETRICAL 
O OUTPUT 


Fig 1—This circuit produces selectable, symmetrical divide-by-2 
and divide-by-3 outputs. 


When Divide Select is low, however, the output of 
the And gate, ICs, goes low. Consequently, the Nor 
gate, IC4, inverts the feedback signal and passes it to 
the D input of the flip-flop, IC). Now IC, acts like a 
toggle flip-flip and produces a divide-by-2 output. 

ICs, which is in effect a negative-edge-triggered flip- 
flop, provides symmetrical output signals. When you 
select division by 2 (Divide Select is low), the output 
of And gate ICg is low, and IC3 simply clocks out the 
divider’s output delayed by one clock period. When 
you set Divide Select high, the path to the output 
through the And and Or gates, ICg and IC7, is enabled. 
This path means that the output goes high on the 
leading edge of IC3’s input—not its output—producing 
a symmetrical divide-by-3 output. 
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~ combination of innovative 
- products backed by 
_ research and develop- 
ment, manufacturing 
_. expertise, technical data 
~ and service assistance 
built on more than 35 
years experience of pio- 
neering in fluorochemistry. 


3M has had a whole generation of 
experience in the development, manu- 
facture and refinement of perfluor- 
inated liquids. We first introduced 
these versatile liquids to electronics 
design, pe and production profes- 
sionals in the fifties. Since then, 
Fluorinert Liquids have become the 
mainstays in electronic cooling, high 
reliability testing and vapor 

phase soldering. 

Fluorinert Liquids, used as a direct 
contact heat transfer medium, offer a 
range of physical properties that make 
them particularly suitable for electronic 
uses. They are non-polar and exhibit 
no solvent action. They are colorless, 
low in toxicity, non-flammable and offer 
exceptionally high dielectric strength 
plus thermal and chemical stability. 
Most important, they have almost no 
chemical reactivity and they evaporate 
without leaving a residue on parts. 


Buy the numbers 


Our FC™ numbers — FC-40, FC-70, 
FC-77, etc. — are used to identify 
Fluorinert Liquids that offer certain 
physical characteristics to meet spe- 
cific application needs. These FC 
numbers are solely 3M designations 
for various fluorochemical products. 
___Fluorinert Liquids are being used 
____ cost-effectively in cooling, high reliabil- 
___ ity testing and vapor phase soldering 
Operations. When you are interested in 
applying these versatile liquids in your 
Own production, 3M can provide an 
_ abundance of technical information 
__and support. _ 


Technical assistance: the main 
benefit of Fluoronics Resources 


3M offers prompt assistance to help 
you solve many production and testing 
problems. We provide comprehensive 
technical recommendations for specific 
fluids. We consult with you on the 
proper application equipment and 
help you evaluate production methods 
and results. Our service bulletins bring 
you up to date on the most recent 
advances in vapor phase soldering 
and high reliability testing. Ask us 
about 3M's audiovisual materials and 
on-site application training seminars. 


Discover Fluorinert™ Liquids’ 
heat transfer capability 


What are your needs? A precise de- 

ree of temperature control? Fast, uni- 
orm heat transfer? High dielectric 
strength? Fluorinert Liquids offer the 
broad range of physical characteris- 
tics required in most applications. 

Fluorinert Liquids are an effective 
direct contact heat transfer medium 
whether used in a liquid or vapor state. 
Their unique properties enable you to 
use them in contact with sensitive 
components and substrates. 

Major differences between the var- 
ious products in the Fluorinert Liquids 
family can be seen in their boiling 
points. These can range from 56°C to 
253°C. Should you need products with 
intermediate boiling temperatures, the 
3M staff will work with you to fashion a 
product especially for your needs. Its 


_ anexample of how 3Mss Fluoronics Re- 


sources provide you with “customized” 
service to solve special problems. 


Btu/(hr) (ft?) (°F) 


nert Liquids products that power Fluoronics Resource 


COMPARATIVE 
HEAT TRANSFER COEFFICIENTS 
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Heat Transfer Mode 


Fluorinert™ Liquids achieve 
accurate high reliability testing 


It's a small world you work in. Where 
time ticks in nanoseconds and dimen- 
sion is measured in Angstrom units. 
And as circuitry becomes more com- 
plex, a greater demand is placed on 
testing capability — not only in speed, 
but in higher reliability and accuracy. — 
Fluorinert Liquids meet those re-- 
quirements by providing a controlled 
temperature environment and a high 
degree of electrical protection. They 
offer maximum compatibility between 
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the heat transfer medium and the de- 
vice under test. Fluorinert Liquids re- 
duce testing costs by reducing testing 
time substantially. They do this by rap- 
idly reaching test temperature and 
providing precise and uniform tem- 
perature control. You'll minimize the 
number of faulty units by detecting de- 
fects before they become rejects. 

These liquids provide cost-effective 
tests such as gross leak, thermal 
shock, liquid burn-in, ceramic crack 
detection, electrical environmental, 
temperature calibration and failure 
analysis/short detection. 

Fluorinert Liquids are specified in 
the MIL-STD's for thermal shock and 
gross leak testing. 


THERMAL SHOCK TEST CONDITIONS 


Military Approved 
Military Standard 883-1011 Fluorinert Liquids 
Test | Hot Test | Cold Test Hot Test Cold Test 
Condition | Step 1 Step 2 Step 1 Step 2 


Water , 
FC-40, FC-77 
FC-77 


100°C Water’, FC-40 
125°C —55°C | FC-40, FC-70 
; FC-531 
1 150°C —65°C | FC-40, FC-70 
FC-531 
FC. 
531 


C5311. 
C5311 
200°C ~e5. | FC-70, 
C-5311 
150°C | —195°C | FC-40, FC-70, 
FC-5311 
200°C | —195°C FC-70 
FC-5311 


GROSS LEAK TEST CONDITIONS 
Military Approved Fluorinert Liquids 


Indicator Detector 
Fluids Fluids 
FC-40, FC-43 FC-72, FC-84 
FC-40, FC-43 FC-72, FC-84 
FC-40, FC-43 FC-72, FC-84 


Military Absorption 
Standards Fluids 


MIL-STD 
883-1014 


MIl-STD 
750-1071 


MIL-STD 
202-112 


Do not apply 


FC-43, FC-75, 
FC-77 


Do not apply. 


Discover higher yields in 
vapor phase soldering 


Fluorinert Liquids have been the in- 
dustry’ fluid of choice since the vapor 
phase reflow soldering (VPS) process 
was introduced in 1975. There are a 
number of good reasons for this uni- 
versal acceptance. VPS with Fluorinert 
Liquids produces highly reliable sol- 
der joints. The system reduces reject 
rates, increases production, and low- 
ers production costs. With Fluorinert 
Liquids, you can be assured that your 


products will never be exposed to a 


temperature higher than the selected 
liquid’s boiling point. (See above) 

You'll avoid those problems usually 
associated with other systems — 
shadowing, uneven heating, and over- 
heating. The liquids are non-flamma- 
ble. Their low surface tension helps 
them evaporate quickly from the work 
pieces without leaving a residue. 

VPS with Fluorinert Liquids is espe- 
cially suited for boards with high mass 
or complex geometries. The liquid va- 
pors completely surround the assem- 
bly and penetrate remote recesses to 
heat all surfaces evenly. The vapors 
are 15 to 20 times heavier than air so 
they can be contained easily within the 
work area. The system offers an oxy- 
gen-free, non-corrosive environment to 
minimize rejects from oxidation 
contamination. 


some typical applications using 
Fluorinert Liquids in VPS include sur- 
face mounted leaded or leadiess 
components, through-hole leads and 
wire-wrap pins, lead frame attach- 
ment, reflow of electroplated solder or 
tin and miscellaneous metal joining. 


FC-70, FC-5a11 | 


-FC-5312 


need for more efficient 


Sipation increases in proportion, 3M 
Fluorinert Liquids are very efficient as 
a direct contact heat transfer medium, 
with the added advantage of having 
the high dielectric characteristics _ 
needed to meet stringent demands of _—T 
the diversified electronics industry. W 
offer 11 liquids with boiling points that 
igs egese@ @ Meso 
These stable liquids allow you to — 
maximize power density and miniatu 
ize your package. Yet they reduce fail- 
ure rates and increase reliability. 
Fluorinert Liquids are used insuch 
demanding applications as: __ 
* Radar transmitters * Power sup 
* High voltage transformers « Last 
¢« Radar klystrons * Computer moc 
* Computer memories ¢ Fuel ¢ 


Fluorinert 
Liquid FC-77 
(English Units) 

Density: 
iW 
Thermal Conductivity 
Btu/(hr) (ft*) CF/At) 
Specific Heat 
Btu/(Ib.) (°F) 
Viscosity 
Cp. 
Coefficient of 


Thermal Expansion 
P/F) (°F) 


Discover heating/curin: 
with Fluorinert™ Liquid: 


temperature with absol 
Fluorinert Liquids can | 
many heating and/or. 

ations. They serve as heat 
media in solder mask and 
thick film a ons 


3M presents a unique 


short course in the use of 
Fluorinert’” Liquids for 
the electronics industry. 


3M is now offering a series of ‘Applied 
Fluoronics’ tapes demonstrating how 
Fluorinert Liquids are used in a num- 
ber of applications. See first hand how 
these remarkable products can im- 
prove overall electronic production. 
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“Applied Fluoronics: 


Three cassettes are available: 
1. ‘Applied Fluoronics: High Reliability 

Testing’ 

2. ‘Applied Fluoronics: Vapor Phase 

Soldering” 

3. ‘Applied Fluoronics: Direct Contact 

Cooling’ 

These informative VHS format tapes 
are available to qualified personnel in 
the electronics industry. Specify which 
cassette(s) you would like to view. 


Vapor Phase Soldering” 


“Applied Fluoronics 


[VHS] 
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Direct Contact Cooli 


Discover Fluoronics Resources 


Write on your company letterhead, 
describing your general interest. Mail 
to: Fluoronics Resources, Industrial 
Chemical Products Division/3M, Build- 
Ing 223-6SE-04, 3M Center, St. Paul, 
MN 55144-1000. 

For technical information or 
assistance on High Reliability Testing 
and Cooling, call 612/733-6282: for 
Vapor Condensation Heatin 
assistance, call 612/733-7424. 


“Applied Fiuoronics 


scotch" 


The most Flexibility? Tes 
Absolutely! 


Check out these charts for the 
output configurations available: 


1600 w mut 


“Table A may be used for one channel only (CH2 or CH4) 


lf your needs change during the 
design phase you can still use 
the same power supply—with 
different output voltages. If your 
system is upgraded - this supply 
can accommodate almost any 
new voltage or current 
requirements. 


Reliability is our forte. This unit 
passed MIL STD 810C Shock 
and Vibration tests; Design 
Maturity and Life Testing; and 
24 Hrs. Burn-in. 


And meets FCC 20780, part 15, 
Level A for EMI. 

And complies with MIL | 45208A 
Quality Standards. 
ACDC’s POWER OFFERING 


DO EEOC OOO. 


@ UL/CSA/VDE 
Approvals 

# Current Mode Control 

= Electronic Soft Start 

= 100% Computer Final 
Tested 

= Comprehensive Product 
Applications and Service 
Manual provided 

= LED's to indicate output out- 
of-tolerance 

@ Internal EMI Filter meets 
FCC & VDE Class A 

@ Maintains full regulation 
at No Load 

@ Single-wire paralleling 

= Current monitor 

@ 30 Ms holdover storage 

# Ambient and locked Fan— 
overtemperature protection 

= Independent Auxiliary Outputs 


This power supply is particularly _ 
cost effective and empirically | 
cost competitive with anyone! 


JU) : QUUW. This 
power supply extends acdc’s 
product offering. We also 
feature a complete line from 50 
to 1600 Watts including single 
and multi output units. 


CALL . » » For more 


information call 619/439-4200. 
We have a nationwide network 
of Sales Engineers to answer 
your questions. Plus, a full color 
catalog of our entire product 
offering. 


electronics & 


401 Jones Road, Oceanside, CA 92054 
TEL: 619/757-1880. TLX: 350227. 
FAX: 619/439-4243 
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if your 
Samtec catalog 
looks like this... 


You’rein good _* =~, 

company. ee 

Our customers say our electronic interconnect catalog ee 
. é ; : DIP Sockets, capac- Pin grid 
is one of the most informative, easiest-to-use itor sockets, adaptor array 
in the industry. pee sockets. 


And, after a short while, their Samtec catalog often looks as though 
the Samtec tiger had played with it. But there is help on the way. 
Our new enlarged 100-page catalog will make your job easier than 
ever. It has complete specs on every page...shows what parts mate 
with each other...includes more charts to determine board heights 
...nas conversion charts as well as a PGA cross reference guide. Square post socket Machined sockets, 
You'll find a full range of DIP sockets as well as the broadest line strips, board spacers. sero! steps. 
of strip connectors. a 


Write or call today for a crisp, new zamlee 
100-page Samtec catalog. We'll also ergs 
include our New Interconnect Guide that e / 
provides valuable reference for the latest 
interconnect applications. Plus, Samtec’s 


= 


International Board-to-Board Inteconnect \ Shrouded IDC term- 25° sq. terminal 
Selector—just off the press. ee inal strips, matching strips, single/double 
CIRCLE NO. 000 8 cable strips. . row shrouded. 


SUDDEN SERVICE 


really makes 
Samtec a different 
breed of cat! 


EUROPEAN SAMTEC, Ltd. 35 Deerdykes View, 
©Samtec, Inc. 1989 HEADQUARTERS: Westfield, Cumbernauld, Scotland G68 9HN 


eee Phone: 02367 39292 FAX: 02367 27113 TLX: 776158 
ee 


EN SERVICE 


WORLDWIDE SAMTEC, Inc. PO. Box 1147, 810 Progress Bivd., 
HEADQUARTERS: New Albany, IN 47150 USA Phone: (812) 944-6733 
TWX: 810-540-4095 TXL: 333-918 FAX: 812-948-5047 
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~NEW PRODUCTS 


COMPUTERS & PERIPHERALS 


@ Run the iRMX II operating sys- 
tem on an IBM AT bus platform 
@ Applications are upgradable to 
Multibus I and II systems 
Based on the 80386 CPU, the Sys- 
tem 120 family runs the iRMX II 
real-time operating system on the 
System 301, an IBM AT bus plat- 
form. You can upgrade applications 
developed on the systems to Multi- 
bus I- and II-based systems. The 
computers come in either a develop- 
ment- or target-system configura- 
tion. OEMs sell the target system 


ANALOG 1/0 


e Board for Motorola’s DSP56000 
development system 
@ Has two 16-bit analog input and 
output channels 
The ADC56000 analog I/O board for 
Motorola’s DSP56000 Application 
Development Module (ADM) fea- 
tures two analog input channels 
that feed differential input amplifi- 
ers. Each input channel has an ad- 
justable gain stage (trimming po- 
tentiometer), an optional antiali- 
asing filter, and an S/H amplifier. 
The antialiasing filter is an elev- 
enth-order elliptic filter with a —8- 
dB cutoff frequency of 20 kHz. An 
analog multiplexer drives a 16-bit 
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COMPUTER SYSTEMS 


after developing real-time applica- 
tions and adding the appropriate 
peripherals. The development sys- 
tem comes with 2M bytes of RAM, 
a 40M-byte hard-disk drive, and a 
360-byte floppy-disk drive. It also 
comes with a developer’s tool kit 
consisting of compilers, a debugger, 
and a text editor. Target systems, 
from $3800 (50); development sys- 
tems, from $9250. 

Intel Corp, Dept W464, Box 
58065, Santa Clara, CA 95052. 
Phone (800) 548-4725. 

Circle No 351 


A/D converter with a 5-wsec con- 
version time. Two 16-bit D/A con- 
verters, which settle in 5-wsec, gen- 
erate analog signals for two analog 
output channels. The interface for 
the input and output channels takes 
place through standard phone 


jacks. The board draws 1A from the 
system’s 5V supply, and it develops 
the +15V supplies for the analog 
ICs on board. The 9X6-in. circuit 
card connects to the ADM via a 96- 
pin right-angle connector. $995. 
Ariel Corp, 110 Greene St, Suite 
404, New York, NY 10012. Phone 
(212) 925-4155. TLX 4997279. FAX 
212-966-3981. 
Circle No 352 


STD BUS SBC 


@ Uses the Intel 80C186 CPU run- 

ning as fast as 12 MHz 
@ Has as much as 512k bytes of bat- 
tery-backed static RAM 
The CPU-186 single-board com- 
puter (SBC) for the STD Bus con- 
tains an Intel 80C186 CPU running 
at speeds as high as 12 MHz and 
providing as much as 512k bytes of 
battery-backed static RAM. The 
card also contains space for as much 
as 256k bytes of EPROM that lets 
you download an MS-DOS program 
from a PC. The program can be de- 
bugged on the SBC, using the PC 
console. In addition, the board has 
24 parallel I/O lines, 4 RS-422/485 
channels, an SBX interface, a 
watchdog timer, a battery-backed 
real-time clock, and 4 counter/ 
timers. The board uses 100% CMOS 
construction to minimize power 
drain. A daughter board is also 
available with an 8087 math copro- 
cessor. $476. 

Computer Dynamics Inc, 107 S 
Main St, Greer, SC 29651. Phone 
(803) 877-8700. 

Circle No 353 
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3/-IN. DISK DRIVE 


®@ Can withstand a nonoperating 
60g shock test for 11 msec 

@ The drive uses 1M- or 2M-byte 
microfloppy media disks 

The MD3611 3’2-in. microfloppy 

disk drive can withstand severe 

shock environments. The drive can 

withstand a 60g shock test for 11 

msec. It has an oil-damping mecha- 


/BM PC-AT 


/'} 


/ 


Cooling Conveyor 


iY ~~ Digital va 


Cameras 


730m Production Line 


nism, which hydraulically cushions 
the head and increases reliability. 
A dual operating mode, which uses 
phase-correction circuitry and a 
wide gap-length head, lets you use 
both conventional 1M- and 2M-byte 
microfloppy disks. Other features 
include a dust shutter, a density 
sensor to inform users whether 1M- 
or 2M-byte media is in use, auto- 


Cutter 


/f 
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Factory Floor Control Problem 
Solved by CONTEC 


A leading tire manufacturer tracked yield problems to their 
tread extrusion process. Tread quality is a function of both 
density and width, which are controlled by conveyer speed. 
Engineering installed CONTEC’s Parallel Input/Output Low 
Voltage Digital Control Boards in an IBM PC-AT. The PI-32Ls 
collected data from weight sensors and digital cameras along 
the materials path in real-time, while the PO-32Ls transmitted 
control instructions to the conveyor drive system and PLC. 


Result: Quality and yield 
increased by more than 12%. 
CONTEC has a complete line 
of digital, analog, communi- 
cations, motion control and 
memory products. Together 
they can solve virtually any 
data acquisition, communi- 
cations and control problem. 
All come with an exclusive 
3-year warranty and toll-free 
technical support hotline. 


Call for a FREE data catalog. 
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CONTEC Factory Automation Solutions: the PI-32 Series 


, CONTEC 


MICROELECTRONICS U.S.A. INC. 
FAX (408) 436-0206 


Call Toll-Free 1-800-888-8884 
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matic disk rejection, and a dual- 
color LED to indicate which mode 
(1M or 2M byte) is in operation. The 
drive uses CMOS circuitry and re- 
quires a 5V supply to operate. 
Evalution samples and documenta- 
tion, $100. 

Canon USA Inc, Components 
Div, 1 Canon Plaza, Lake Success, 
NY 11042. Phone (516) 488-6700, 
ext 4958. 

Circle No 354 


VGA BOARDS 


e Are EGA, CGA, MDA, MCGA, 
and Hercules compatible 
© Can interface with multifre- 
quency and analog monitors 
The SuperVGA and the SuperVGA 
HiRes are two video-graphics-array 
(VGA) boards for IBM PS/2 com- 
puters. Both cards feature complete 
hardware and BIOS to support 
VGA and EGA operation. In addi- 
tion, the cards support the MCGA, 
CGA, MDA, and Hercules stan- 
dards. They also have CGA double- 
scan capability and come with util- 
ity software. Each board has con- 
nectors for interfacing with TTL 
multifrequency and analog moni- 
tors. They have 10 text modes for 
spreadsheet and desktop publishing 
applications, including 80x 66, 
100 x 75, and 132x60 resolutions. 
The SuperVGA HiRes has a reso- 
lution of 1024 x 768 pixels with 16 
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First You Dress Like An Engineer... 
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.. Phen You Climb Aboard The 
And leave behind all the performance limitations of Contact us for technical briefs or to reserve a seat at an 
traditional microprocessors. RTX™ seminar near you. 


ime Express. 


Harris’ Real Time Express™ offers you micro- In U.S.: 1-800-4-HARRIS Ext. 1288 (literature), 
controller integration and RISC processor speed or Ext. 1299 (seminars). 
— 15 MIPS (typical) at 10 MHz — all for a fraction In Canada: 1-800-344-2444 Ext. 1288 (literature), 
of the power dissipation of conventional designs. or Ext. 1299 (seminars). 
The RTX 2000" is the first in a family of general purpose, §§ —->——— — >= — Se Ca cm: Rama aEA AN 
; ; : ; , : J 
application-specific and semicustom products addressing your Lo Train Adventure Giveaway! —_eprorsee | 


real-time performance requirements: Details at Seminar 


e Rapid interrupt response ¢ Predictable timing 
e Fast context switching ® Hardware extensibility 
(via ASIC Bus™) © No need for costly in-circuit emulators 


[_] Send me a seminar schedule and save me a free engineer's cap 
(_] Tell me more about RTX™; send technical literature. 
LJ Let’s talk... Have an RTX™ specialist contact me soon. 


| | 

| | 

| | 

| | 

There’s more: | NAME | 

e Dual-stack Quad Bus™ architecture which eliminates caches |... | 

and pipelines ¢ Programming in a structured high-level | | 

language (C, Forth, Prolog) ¢ Interactive debugging — atfull | company | 

speed — with full symbolic support | | 

Why wait? Get hardware and software working together aii | 

like never before — and become more productive than ever. | city STATE ae | 
With the Real Time Express.™ 

| PHONE BEST TIME | 

| Mail to: Harris Semiconductor | 

Pet ee 


RTX, Real Time Express, Quad Bus, RTX 2000 and ASIC Bus are trademarks of Harris Corporation. 


at HARRIS 


SEMICONDUCTOR 


©1988, Harris Corporation 
: CIRCLE NO 107 263 


WARNING: This 812 digit DMM will 
replace your present set-up! 


You have been warned... the 
Model 1281 from Datron is so 
good, it’s hard to resist! 

The 1281 is the world’s most 
advanced DMM of its kind: 
bringing you the ultimate in 
electrical measurement via its 
accuracy, functional capability 
and ease of use. 

Take advantage of user 
selectable resolutions up to 81/2 
digits backed up by accuracies 
and repeatabilities to suit the 
longest scale length. And DCV 
performance from 10nV to 1000V 
with | year specifications to 
+ 3ppm, coupled with true RMS 
ACV providing 1 year accuracies 
of + 80ppm. High accuracy 
resistance, current and ratio 
measurements are also yours 
with this superb instrument. 
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At the touch of a key, Selfcal, 
Datron’s unique, accurate 
method of internal calibration 
enhances the impressive 
instrument specifications while 
providing excellent performance 
outside controlled temperature 
environments. This exclusive 
Datron feature also provides a 
very comprehensive self test. 

If that’s not enough to change 
your present set-up consider 
High Accuracy Spot Frequency 
ACV, Low Current Resistance 
measurement for resistance 
thermometry and simultaneous 
Frequency and RMS ACV. The 
1281 incorporates menu control 
which makes it easy to operate 
and built in as standard is 
IEEE-488.2, the way forward for 
test and calibration systems. 
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For more information, call us 
today. Our fact filled 1281 bro- 
chure will take you through, detail 
by detail, specification by specifi- 
cation, the world’s most advanced 
DMM. 


United States: 

San Diego, Cal. (619) 565-9234 
Clearwater, Fl. (813).797-1792 
Beech Grove, Ind. (317) 787-3915 
Suffern, N.Y. (914) 357-5544 


United Kingdom: 
Norwich (0603) 404824 
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HIGH PROGRAMMING 
YIELDS 


(LOGIC) 


LOW PROGRAMMING 
COSTS 


PC-Remote 
Programmers 


e All EPROM’s up to 40 pin! 
e P27512.....7 seconds per device! 
e No limit on RAM size! 


Our Programmer range includes: 


3000 PC based to megabit EPROMs 
4000 Gang EPROM/EEPROM Copiers 
5000 Editing/Remote Set EPROM 
1011 Bipolar PLD (logic) 

1012 Bipolar PROM/EPROM 

1013 Set/Gang EPROM (up to 8 x 32 pin) 
1014 EPLD & CMOS PLD 

1015 Set/Gang EPROM (up to 8 x 40 pin) 
& Elan’s Universe 1000 (full universal) 
(World’s 1st Intel flash EPROM approval) 


Options cover single chip micros, PLCC, 
IBM/VAX remote and Elan Logic compilers. 


Ask for our Demo disks. 


In Europe: F (014) 8632828 
GB (0293) 510448 I (02) 6120041 
A (0222) 835646 I (02) 2440012 


B (02) 2416460 IRL (01) 501845 
CH (01) 7414644 NL (01720) 43221 
D_ (089) 780420 P (Ol) 549011 

E (01) 4054213 S (0589) 14111 


Elan Digital Systems 
2162 North Main Street, 
Walnut Creek, 

CA. 94596 

Tel: (415) 932-0882 
Tel: (800) 541-ELAN 
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colors and 512k bytes of video mem- 
ory, and it is compatible with IBM’s 
8514 monitor. The SuperVGA offers 
640 x 480- and 800 x 600-pixel reso- 
lution with 16 colors and 320 x 200- 
and 512 x 512-pixel resolution with 
256 colors. The SuperVGA, $445; 
the SuperVGA HiRes, $645. 
Genoa Systems Corp, 75 E Trim- 
ble Rd, San Jose, CA 95131. Phone 
(408) 432-9090. TLX 172319. FAX 
408-434-0997. 
Circle No 355 


IMAGE SCANNER 


© Provides resolutions from 60 to 

360 dots/in. 

@ Scans a document at 18 sec/page 

for 300 dots/in. 

Capable of scanning sheets, cards, 
or books at resolutions ranging 
from 60 to 360 dots/in., the RS320 
desktop scanner can scan a letter- 
size document at 18 sec/page with 
300-dot/in. resolution. It can scan 
US letter-size and index-card-size 
papers as well as international A4, 
A5, Bd and B6 formats. You can 
designate variable-size scanning in 
either millimeters, or bytes and line 
counts. The unit has a bidirectional 
Centronics interface and a recom- 
mended service life of five years or 
30,000 scannings. The unit occupies 
11.4x19.5 in. of desktop space, 
stands 3.7 in. tall, and weighs 13.2 
lbs. $1100. PC Interface Kit, includ- 
ing PC software, an interface board 
for the IBM PC computer, and a 
cable, $395. 

Ricoh Corp, 5 Dedrick Pl, West 
Caldwell, NJ 07006. Phone (201) 
882-2077. FAX 201-882-2506. . 

Circle No 356 


Model 24 
Two-Stage Protection on any dat cable 

path, protects pins 2, 3 and 7 aii 
Only $68.00 


Model 27 
Single Stage protection for all 24 pins 
Only $60.00 OEM 


Many other models to choose from 
starting from $23.00. 


— one before — anes 


teless tE Technology, Inc. 


= E. Pulaski Road * Greenlawn, NY 11740 
800-835-3298 © 516-423-3232 © FAX516-385-8184 
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MVME147 SINGLE-BOARD CO} 


“Their new 030 boar 
isnt really a single- 
board computer. 


Its a single-board 


OEMs werent prepared for the 
level of functionality our new 
MVME147 processor module 
delivers. On one standard VME 


cogs) 2 tae eT 


card, it packs virtually all the ee a 


aoe 
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functions you need to build ene 
a small, multi-user system. 


How? Mainly through ASICs 
like the single-chip VMEbus 
interface and Peripheral Channel Controller. Plus 
high-density on-board DRAM (4 or 8 Mbytes), SCSI 
interface and Ethernet chip set. To even come close in 
functionality, it would take as many as five 
conventional modules. 


Besides which, the 147 outperforms everything in 
sight. It takes maximum advantage of Motorola’s new 
32-bit MPU—the MC68030—coupled with a floating- 
point coprocessor. Both running at up to 25 MHz, 
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to give you outstanding number- 
crunching power. 


And since the 147 features both 
UNIX® and real-time operating 
system support, you can plug it 
into your existing 020-based 
architecture and software base. 
So you achieve a level of integration never before 
possible, while protecting your existing investment. 
All of which gives you unprecedented price/ 
performance advantages for just $3747 in OEM 
quantities of 100. 


To get an idea of what the future of VME looks like, 
call us today—toll free: 1-800-556-1234, Ext. 230; 
in California, 1-800-441-2345, Ext. 230. Or write: 
Motorola Microcomputer Division, 2900 Diablo 
Way, Tempe, AZ 85282. 

UNIX is a registered trademark of AT&T. 


MOTOROLA Microcomputer Division 


Approaching our technology from your point of view. 
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31/2-IN. DISK DRIVES 


@ Offer 44M to 110M bytes of for- 
matted capacity 
®@ Come with ST406, AT, ESDI, 
and SCSI ports 
The models 5100, 6100, and 7100 are 
three members of a 5-member fam- 
ily of 31/2-in. disk drives with ESDI, 
SCSI, and AT ports, respectively. 
They provide 110M bytes of format- 
ted capacity on four platters and 
seven recording heads. The drives 
can handle data-transfer rates to 
10M bps. The 7040 and 4050 are the 
other two members of the family 
with 47M and 44M bytes of format- 
ted capacity, respectively. The 7040 


has an AT interface and uses two 
platters; the 4050 has an ST506 in- 
terface and uses three. All the 
drives have average access times of 
less than 18 msec. The entire head 
disk assembly of each drive, includ- 
ing the in-hub spindle, is shock- 
mounted to withstand a non-operat- 
ing shock of 75G. Each drive has 
an MTBF of 36,000 hours. $650 to 


$1295. 
Microscience’ International 
Corp, 3805 N Mathilda Ave, 


Sunnyvale, CA 94086. Phone (408) 
730-5965. 
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MODEMS 


® Operates full duplex at 19.2k bps 
over a 1500-ft cable 

® Can also operate at 9600 bps over 

— a 2500-ft cable 

The 86T/P/C Series short-haul mo- 

dems provide full-duplex communi- 

cations over a single pair of wires 


Circuit Breaker 
Inlet - Outlet 
Combination 


IF THIS ONE ISN'T RIGHT 
WE HAVE ANOTHER 339 
TO CHOOSE FROM! 


OPTIONS INCLUDE A WIDE RANGE 
OF POWER INLETS, ROCKER 


SR seit ES Se 


Polysnap power 
Inlet Modules 
IEC 320/CEE 22 


or a single coaxial cable. They can 
operate at 19.2k bps over a distance 
as long as 1500 feet. In addition, 
they can operate at 9600 bps over 
a distance as long as 2500 feet. Each 
modem has a DTE/DCE switch that 
allows you to reverse pins 2 and 3 
on an RS-232C connector. The 86T 
has screw terminals for connecting 
a 2-wire line, and the 86P has an 
RJ-11 modular connector. The 86C 
has a coaxial connector that lets you 
use coaxial cable in place of the 
wires. The units receive their oper- 


ating power through any available 
Text continued on pg 272 


ALL COUNTRIES 
ALL TYPES. ALL CONFIGURATIONS 


¢ Molded-on Strain Relief. 


FREE 
TOOLING 


SEV, etc. 


— 


MULTIPLE SAFETY APPROVALS: UL, 


NO CHARGE 
FOR TOOLING! 
CSA, VDE, (HAR), BSI, 


MOLDED CABLE ASSEMBLIES WITH TERMINATIONS, LENGTH, 


FAST DELIVERY 


HANKING, etc PER CUSTOMER’S SPECIFICATIONS. 
* JUST IN TIME DELIVERY* 


MANY STANDARD MODELS AVAILABLE FROM STOCK FOR 


AVAILABLE NEWLY DEVELOPED: 


UL/CSA/T-MARK or UL/CSA/ VDE 
*ALL THREE APPROVALS IN ONE* 


FAX YOUR SPECS OR CALL NOW FOR PROMPT QUOTE, 
COMPREHENSIVE CATALOG DESIGNER REFERENCE GUIDE, 
AND IMMEDIATE SAMPLE TO: 


SWITCHES, VOLTAGE SELECTORS, 
FUSEHOLDERS, FILTERS, & RELAYS. 


Worldwide Approved Electrical & Electronic Components 


G GlobTek Inc. 


7700 Marine Rd ® N. Bergen, NJ 07047 USA 
Tel: (201) 861-0246 © Telex 755579 @ Fax: (201) 861-0740 
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Worldwide Approved Electrical & Electronic Components 


G GlobTek Inc. 
7700 Marine Rd ® N. Bergen, NJ 07047 USA 


Tel: (201) 861-0246 © Telex 755579 © Fax: (201) 861-0740 
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THE ONLY THING MISSING 
FROM THIS 680-PAGE 


LEADED RESISTOR/CAPACITOR 


DATA BOOK IS YOU. 
ORDER YOURS NOW. 


Mail to: Mepco/Centralab, Attn: Corp. Advertising EDNi01388 fi 
2001 W. Blue Heron Bivd., P.O. Box 10330, Riviera Beach, FL 33404 


New 680-page 1988-89 Leaded Resistor/Capacitor Data Book contains 
valuable performance and specifying data on the complete, broad line of 
Mepco/Centralab leaded passive components: 


e Ceramic capacitors 

e Tantalum capacitors Title 
e Aluminum electrolytic capacitors 
e Film and variable capacitors 
e 
e 


Name 


Fixed film resistors and networks 
Non-linear resistors 
e Cermet trimmers Dept./Div. 


And ask for our data book on America’s 
broadest line of SMD® passive 
components, too! 


Please send me these specification guides: 
_} New Leaded Resistor/Capacitor Data Book 
C1 New Surface-Mount Device Catalog . State/Zip 


MEPCO/ 


Address/MS 


CENTRALAB 


A DIVISION OF NORTH AMERICAN PHILIPS CORPORATION 


PHILIPS ey 
®SMD is a service mark of North American Philips Corporation. 
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Who isn’t ? No-one wants a system 
that will soon be withdrawn from 
production because it “doesn’t really 
fit into the product line”. Or worse, 
an operating system that - from 
today - will no longer be supported. 
How can you avoid this ? Not always 
by buying from the big names, as 
practice shows. Instead, try asking 
your colleagues, other engineers, or a 
VMEbus User Group which suppliers 
have a reputation for customer loyal- 
ty, reliability, quality, and continuity 
of supply. We are confident this will 
lead you to COMPCONTROL. 

Why not challenge us ? We are at 
YOUR service. 


MEMORIES 


MASS STORAGE 


More products in your 
MICROSYSTEMS FILE 


@ All modules OS-9 supported. 
OS-9isa trademark of Microware 


Member of COMPCONTROL INC. 


le ee 
Stratumsedijk 31, P.O. Box 193 ee ee ”::*C*«w 66 L's Gatos Blvd. Suite 109-365 
5600 AD Eindhoven, Holland , en \O LOS GATOS, CALIFORNIA 95032 
Telefoon (31)-(40)-124955 _. I Phone: 408-356-3817 


Fax (31)-(40)-120296 Fax: 408-356-1755 
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GUARANTEED 


DELIVERY 


Over 2,500 styles, sizes and colors to meet your needs. .. 


immediately available from stock. 
Or let us design a special case for you. 
~ Call us for the name of your local Bud Distributor. 


_ Bud East, Inc. 

4605 East 355th Street 
PO. Box 431 
Willoughby, Ohio 44094 
(216) 946-3200 

FAX: 216-951-4015 


Bud West, Inc. 

7733 West Olive Avenue 

PO. Box 1029 . 
Peoria, Arizona 85345-0350 
(602) 979-0300 
FAX: 602-878-5371 


Bud Industries, Inc. 


When it comes to enclosures, we've got you covered. 


Aipemi Cl Ar) an 


rol pin on the RS-232C connec- 
The modems come in a DB-25 
lector hood, and you can order 
n with a male or female RS- 
connector. $58 (100). 
lebyte Technology Inc, 270 E 
ski Rd, Greenlawn, NY 11740. 
1e (800) 835-3298; in NY, (516) 
3080. 
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VGA CARD 


© VGA register-compatible with 
IBM PC systems 

® Guaranteed software 
compatibility 

The Tatung VGA card for IBM PC, 

PC/XT, and PC/AT computers is 

100% VGA register compatible, ac- 

cording to the vendor. It’s compat- 

ible with OS/2 and MS-DOS and 


TOTAL SUPPORT 


0 development tools supplier does more to ensure the 
ccess Of your application than Intel. Before, during 


id after development. 


Advanced tools. Application assistance. lelephone 
tlines. Workshops. Maintenance. And no finger 
PRAWN en RE Re aa bed fats ico 


inting. 


Total development support. From the people who 


ow Intel architectures best. 


el Development Tools. The Short, Sure Path To Success. 


For your free Intel development tools catalog call: 


RROW/KIERULFF at !-800-777-ARROW 


New Toll-Free Number 


provides a resolution of 800x600 
pixels with 16 simultaneous colors 
and a resolution of 640 x 400 pixels 
with 256 simultaneous colors. The 
card works with all VGA analog dis- 
plays and multifrequency monitors. 
The manufacturer provides a Spe- 
cifically stated 1-year parts and la- 
bor warranty period. The card also 
features 256k bytes of dynamic 
RAM, 16-bit access to memory and 
I/O, and compatibility with the 
EGA, CGA, MDA, and Hercules 
standards. $399. 

Tatung Company of America 
Inc, 2850 El Presidio St, Long 
Beach, CA 90810. Phone (213) 979- 
7055. 

Circle No 359 


DIAL-UP MODEM 


® Handles 19,200-bps communica- 
tion over phone lines 

® Conforms to PEP 2, V.22bis, 
V.22, and Bell 212 specs 

The 736DSP dial-up modem pro- 


vides communication between syn- 


chronous or asynchronous devices 
over ordinary phone lines. It can 
transmit data at a speed of 18,000 
bps without data compression. It 
also can transmit at 19,200 bps us- 
ing the Pacetized Ensemble Proto- 
col 2 (PEP 2), which organizes the 
telephone bandwidth into hundreds 
of channels. In addition, the modem 
Supports the V.22bis, V.22, Bell 
212A, and Bell 103L protocols. The 
modem has a provision that sup- 
ports the SDLC protocol for high- 
Speed communications over an IBM 
Systems Network Architecture net- 
work. The Microm N etworking Pro- 
tocol from Microcom provides error 
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detection and correction. The unit 
also runs under communication soft- 
ware such as Kermit, UUCP, 
Xmodem, and Ymodem. It is avail- 
able in either a rack-mount or 
stand-alone version. $1495. 

ITS Inc, 9 Heritage Oak Lane, 
Battle Creek, MI 49015. Phone 
(800) 999-9487. 
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LAN CARD 


@ Handles IEEE-802.38 TCP/IP lo- 
cally 
© Maximizes data throughput us- 
ing dual-port RAMs 
The VLAN single-height, single- 
slot VME Bus board provides an 
IEEE-802.3 (Ethernet) LAN inter- 
face. The board is based on an AMD 
7990 LAN controller and includes 
an onboard 68000 wP. The 68000, 
which runs the VIOXROM real- 
time multitasking operating-system 
kernel, handles the TCP/IP locally. 
Two 64k-byte dual-port RAMs, one 
between the wP and the LAN con- 
troller and the other between the 
wP and the board’s VME Bus inter- 
face, maximize the board’s through- 
put. Data transfer to or from host 
CPUs on the VME Bus is via a mail- 
box facility in the »P/VME Bus 
dual-port RAM. Mailbox interface 
software drivers are currently 
available for the OS-9/68k and 
PDOS 3.3 operating systems. Link- 
level access, TelNet, and file-trans- 
fer protocol are available as options. 
The board has a 15-pin attachment- 
unit interface for connection to the 
LAN. You can add a media-attach- 
ment unit for Ethernet or 
Cheapernet. DM 4500 (OEM qty). 
Pep Modular Computers GmbH, 
Am Klosterwald 4, 8950 
Kaufbeuren, West Germany. Phone 
(08341) 81001. TLX 5412338. FAX 
(08841) 40422. 
Circle No 361 
Pep Modular Computers Inc, 
Carnegie Office Park, 600 N Bell 
Ave, Pittsburgh, PA 15106. Phone 
(412) 279-6661. TLX 6711521. 
Circle No 362 
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COMPUTERS 


e Provide 16- and 32-bit industrial 
wP systems 

@ Allow for system expansion us- 
ing Eurobus boards 

Using single-Eurocard computer 

boards, the 20800-EDS Series in- 

dustrial computers are housed in 

19-in., 3U-high enclosures. The ba- 

sic computers run either a 16.7- 


MULTI-LINGUAL 


Intel development tools speak all favorite lan- 


guages such as PL/M, C, Fortran and Ada. 


Intel languages let you mix and match software 


modules to create your application, and offer a host of 


other unique features to speed and simplify your soft- 


ware development. 


Intel Development Tools. The Short, Sure Path To Success. 


For your free Intel development tools catalog call: é 


ARROW/KIERULFF at !-800-777-ARROW 


New Toll-Free Number 
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Power has its price... . 


But it’s lower than 
Ou may think! 


Standard solutions. . . 
Problem solutions form 
CONVERSION DEVICES INC. 
| wealth of experience in 
Power Conversion 
Technology for 
unmatched 
quality, 
reliability and 
performance. Real 
value with an amazingly 
low price and high performance. 
Our LP series, ultra low profile, 
DC/DC converters with single, dual, 
and triple output are surpassing the 


Standards! 
: | SPECIAL FEATURES: | 
eAll surface mount fabrication  *OQver 500 VDC input/output isolation 
¢0.375" height ¢ Two industry standard pinouts 
¢Up to 40W output power ¢-30°C to +75° operating temp. range 
eWide input ranges ¢100% burn-in at full load 
Single, dual & triple outputs ¢ MTBF of over 300,000 hrs. at 25°C 

¢Input/output filtering 


FOR MORE INFORMATION ON OUR COMPLETE LINE OF DC-DC 
CONVERTER PRODUCTS RANGING FROM 0.5W TO 60W. WRITE OR CALL US. 
101 Tosca Drive, Stoughton, MA Tel. (617)341-3266, TLX 920014 
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DID YOU KNOW? 


EDN is distributed 


at every major 
electronics/computer show in the 
U.S., France, and Germany. 


[IDIN 


COMPUTERS 
& PERIPHERALS 


MHz 68020 32-bit wP and 68881 
math coprocessor or a 12.5-MHz 
68HC000 16-bit w~P. They contain 
a minimum of 512k bytes of zero- 
wait-state RAM, two serial I/O 
ports, 40 TTL-level digital I/O 
lines, and a SCSI host-adapter in- 
terface. Standard mass-storage de- 
vices consist of a 40M-byte hard 
disk and a 51/4-in. floppy disk. For 
system expansion the computer has 
an 8-bit IIOC (intelligent I/O chan- 
nel) backplane that accepts com- 
mercially available I/O boards. The 
OS-9 Professional operating system © 
is supplied with the computer. DM 
10,000. 

EKF-Elektronik GmbH, 
Weidekampstrasse la, D-4700 
Hamm 1, West: Germany. Phone 
(02381) 12630. TLX 828621. FAX 
(02381) 15067. 
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MICROCONTROLLER 


@ Features a CMOS 64180 wP and 
16k bytes of RAM 
® Contains floating-point Basic in 
ROM 
The Vitrax stand-alone microcon- 
troller card for digital control and 
data acquisition features a CMOS 
64180 wP that runs Z80-compatible 
code. The single card contains float- 
ing-point Basic in ROM; as much 
as 16k bytes of EPROM for user 
code; 16k bytes of static RAM, 
which is expandable to 32k bytes; 
and a built-in EPROM programmer 
for code generation. In addition, the 
unit has 24 bidirectional I/O lines; 
two full-duplex asynchronous RS- 
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High performance A/D and D/A converters for digital 
signal processing and other dynamic applications. 


Now you can transfer signals between 
the turbulent analog world and the 
ordered digital world simply and 
accurately. 


Burr-Brown offers the industry's most 
complete line of precision data 
converters specifically designed and 
tested for dynamic signal processing 
applications. Use them to obtain peak 


performance from waveform generators, 
FFT-based spectrum analyzers, and 
other designs requiring superior dynamic 
range and spectral purity. 


Millions of units of experience. 


Our PCMs are already the converters of 
choice for compact disc systems, music 
and speech synthesizers, and 
professional audio equipment 


throughout the world. They provide 
exceptional performance and are backed 
by millions of units of design and 
manufacturing experience. Contact your 
Burr-Brown technical rep for complete 
information, or call Applications 
Engineering, 602/746-1111. 

Burr-Brown Corp., P.O. Box 11400, 
Tucson, AZ 85734. 


BURR -BROW 


AN ESOP CORP. 


3111 Winona Avenue, Burbank, CA 91504 
(818) 846-1800 = TWX: 910 4982701 
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232C channels that can communi- 
cate at 18.2k baud; a Centronics 
parallel port; and an 8-channel, 10- 
bit CMOS A/D converter. The unit 
contains a real-time calendar clock 
and operates from a 5V supply with 
<150-mA current drain. $295 in- 
cluding A/D converter and manual. 
Sintec Co, Box 410, Frenchtown, 
NJ 08825. Phone (800) 526-5960; in 

NJ, (201) 996-4093. 
Circle No 364 


VGA CARD 


@ Has an 8-bit connector that fits 

IBM PC/XTs and PC/ATs 
@ 256k bytes of dynamic RAM with 

120-nsec access times 
The PII-154A VGA card comes 
with an 8-bit connector that fits 
both the 8-bit and 16-bit slots of the 
IBM PC/XT and PC/AT, respec- 
tively. The card is designed around 
the VLSI chipset from Cirrus Logic 
to provide VGA compatibility at the 
register level. In addition to provid- 
ing a 640 x 480-pixel resolution and 
a palette of 256k colors, the card is 
backward compatible with the 
EGA, CGA, MGA, MDA, and Her- 
cules graphics standards. The board 
comes with 256k bytes of dynamic 
RAM with 120-nsec access times 
and three oscillator chips for the dif- 
ferent frequencies of the various 
graphics modes. Interface ports in- 
clude a DB-15 connector, a parallel- 
printer port, and a light-pen port. 
The board can perform flicker-free 
scrolling and split-screen imaging, 
and it’s compatible with Windows, 
AutoCAD, and Symphony graphics 
modes. $375. 

DTK Computer Inc, 15711 E 
Valley Blvd, City of Industry, CA 
91744. Phone (818) 333-7533. 
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IEEE-488. 


Solutions for Your 
ersonal Computer 


ILC DATA DEVICE 
CORPORATION 


ABOUT SYNCHRO-CONVERSION ¢ HIGH-SPEED, HIGH ACCURACY D/A & A/D CONVERSION ¢ 1553 BUS DEVICES 


NEW LOW COST 1553B 
REMOTE TERMINAL HYBRID 


DDC is pleased to announce the 
new, low cost BUS-65142 MIL- 
STD-1553B Dual Redundant Re- 
mote Terminal Hybrid featuring a 
single chip CMOS/SOS monolithic 
RTU protocol and Bipolar low 
power Mark II transceivers. Incor- 
porating small size (1.9”’ x 2.1’’) 
with low power and high reliability, 
the low cost BUS-65142 is ideal for 
most MIL-STD-1553 applications 
requiring hardware or micropro- 
cessor subsystems. 

The BUS-65142 supports 13 
mode codes for dual redundant op- 
eration, any combination of which 
can be illegalized by an external 
prom. 

Parallel data transfers are ac- 
complished witha DMA type hand- 
shaking, compatible with most 
CPU types. Data transfers to and 
from memory are simplified by the 
latched command word and word 
count, outputs. Error detection 
and recovery are enhanced by BUS- 
65142 special features. A 14 bit 


built-in-test word register stores 
RTU information and sends it to 
the BUS Controller in response to 
the Mode Command Transmit Bit 
Word. The BUS-65142 performs 
continuous on-line wrap-around 
self-test and provides four error 
flags to the host CPU. Inputs are 
provided for host CPU control of 6 
bits in the RTU Status Word. 

The BUS-65142 is pin for pin 
compatible with the BUS-65112 
which has been in production for 
over three years and has success- 
fully passed the SEAFAC RT Vali- 
dation Test Plan. The only differ- 
ence in the parts is that the BUS- 
65142 uses a 16 MHz clock for 
decoding. 

The 16 MHz decoders offer im- 
proved noise rejection and zero 
crossing detection tolerance. 

The DMA interface is propor- 
tionally faster for the BUS-65142 
since it uses a 16 MHz clock instead 
of the 12 MHz used on the BUS- 
65112. 


RAD. TOLERAN’ 


The components incorporated in 
the BUS-65142 (low power MARK 
II Transceivers and CMOS/SOS 
Protocol Chip have passed the 
SEAFAC RT Validation Test Plan 
as part of the test performed on the 
BUS-61553 (Report Available). 

In addition, since the trans- 
ceivers are bipolar technology and 
the protocol chip is CMOS/SOS, 
this unit has radiation tolerance to 
Tactical Levels and also has ex- 
cellent SEU (Single Event Upset) 
tolerance. 

Learn how to improve your reli- 
ability with the smallest possible 
size RTU, all at alow cost, with the 
BUS-65142 from DDC. For addi- 
tional information call the DDC 
office nearest you. LJ 


CERTIFIED AND 
QUALIFIED TO 


MIL-STD -1772 


HEADQUARTERS AND MAIN PLANT: ILC Data Device Corporation, 105 Wilbur Place, Bohemia, N.Y. 11716, 
(516) 567-5600, TLX: 310-685-2203, FAX: 516-567-7358 

WEST COAST (CALIF.): WOODLAND HILLS, (818) 992-1772, TWX: 91 0-499-2674; 

SANTA CLARA, (408) 244-0831, TLX: 172775; HUNTINGTON BEACH, (714) 840-5723 

WASHINGTON, D.C. AREA: (703) 893-7989, TWX: 910-997-0967; 

NORTHERN NEW JERSEY: (201) 785-1734, TLX: 130-332 UNITED KINGDOM: 635-40158, TLX: 851-848826; 
FRANCE: (1) 4-333-5888, TLX: 842-630609 WEST GERMANY: (08191) 3105, TLX: 841-527128; 

SWEDEN: 8-920-635, TLX: 854-10952; JAPAN: (03) 490-0203, TLX: 781-34158 
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CONFIGURE-YOUR-OWN 
MIL SPEC - HIGH RELIABILITY — 


POWER SUPPLIES 


rie & 


* 


Bo 


‘-PERFORMANCE 
INTRODUCING EL 2000 SERIES 
Complete AC to DC and DC to DC multi output systems. 


MORE CHOICES 


Save Space: Completely protected AC-DC systems  ™ Up to 8 DC outputs to 500 watts. 
@ 12, 3g and DC inputs. 


with rugged high density packaging to 8 watts/in°. 
Less Heat: Efficiencies to over 80% with next m—55°C to + 85°C operation. 
generation circuitry. @ Mil-Std-704A-D, 1399 and 1275 input 
Higher Reliability: MTBF to 500,000 hours with Surge and spike protection. 
conservative design criteria including NAVMAT = Meets many provisions of Mil-Std-810D, 
guidelines. Mil-E-5400 and Mil-E-16400. 


Call or write for our new EL 2000 Catalog today! 


Visit us at ELECTRONICA 
ARN Made in America Pavilion 
ha MAONEHGS Hall 16, stand 14-16 


_ ARNOLD MAGNETICS CORPORATION 


4000 Via Pescador, Camarillo, California 93010-5049 
Phone: (805) 484-4221 * TWX 910-343-6468 « FAX: (805) 484-4113 
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When you want the widest 
range of products possible, you 
have only one choice. 


Our new Fiber-DIP series. 


That’s right. Our new Fiber-DIP 
series offers the widest range of 
products available. All in a price 
range you can appreciate. And 
each of these fiber optic transmitters 
(HFE4400 series) and receivers 
(HFD3400 series) come equipped with a standard 
optical connector that accepts 905/906 style SMA 
receptacles. ST® style connectors will be available soon. 
Assembled in a new Fiber-DIP plastic housing, the 
Honeywell HFE4400 series are Light Emitting Diodes 
(LEDs) with the highest power and widest range of 
guaranteed output power in the industry for standard 
850 nanometer LEDs. In fact, the HFE4400 series 
ranges from a guaranteed minimum output powers of 
15 ~wW[—18.2 dBm] toa50 p.W[—13 dBm] intoa 50/125 
micron fiber optic cable at 100 mA forward current. 
The Honeywell HFD3400 series are fiber optic 
receivers assembled in the new Fiber-DIP plastic hous- 
ing. Our HFD3400 series also offers a wide product 
selection including: 
¢ The HFD3401, an analog integrated receiver, DC to 
35 MHz operation with a guaranteed minimum 


¢ The HFD3402, a differentiating integrated receiver, 
DC to 10Mbit digital data rates with a guaranteed 
sensitivity of 0.6 w~W [—32 dBm]. The output is an 
inverted TTL level. 
¢ And the HFD3403, a direct coupled integrated 
receiver, DC to 5Mbit digital data rates with a mini- 
mum guaranteed sensitivity of 2.8 wW [—25.5 dBm]. 
Again, the output is an inverted TTL level. 
So remember, not only will you find our new Fiber- 
DIP series the one choice for a wide range of fiber optic 
transmitters and receivers—you'll also find us the one 
choice for all your fiber optic needs. That's because 
Honeywell Optoelectronics is one of the world’s leading 
designers and manufacturers of fiber optic data com- 
munication components. With our proven track record 
and the experience of the over 100 year old, multina- 
tional Honeywell corporation you can rest assured we'll 
be there when you need us. Now. And in the future. 
For additional information and data 
sheets of these products contact g 
Honeywell Optoelectronics, 830 E. 
Arapaho Road, Richardson, Texas 
75081. Orcall 1-800-367-6786. 


responsivity of 4mV/pW. In Texas call 214-470-4271. 
Helping you control your world 
Simplex (SFR) Style SMA Low Profile Style Modems SMA 306 Style ST Low Profile Style 
Transmitters Transmitters Synchronous Transmitters Transmitters 
Receivers Receivers Asynchronous Receivers Receivers 
LEDs LEDs LEDs LEDs 
Photo Diodes Photo Diodes Photo Diodes 


Photo Diodes 


ST is a registered trademark of AT&T. 
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EU OWE 


The Reliable Source— 


Our new distributor in West Germany is 


Enatechnik 


Ericsson miniature DC/DC Converters 


for your great, 


great, 


great, great 


srandchildren! 


Incredible as it may seem, EriPower dc/dc converters have 
been designed with an MTBF of over 200 years, which means 
that 37% will still be working six generations from now! 


Both EriPower PKA (25 to 40 Watt) and EriPower PKC (15 Watt) 
converters are the latest technology: hybrid construction with 
surface mounting components, 300KHz switching frequency and 
efficient thermal management. As a result, both are very small 
and up to 85% efficient. And both offer single, dual or triple 
5, 12 and 15V output combinations from nominal 24V or 48V 
inputs. 


There are three mounting options too. The PKA can be chassis 
mounted “Off-Card”’ or pcb mounted “‘On-Card’””. The advanced 
PKC can be mounted “On-Card” or “In Card” through a slot 
in the board. This unique “‘In-Card’’ mounting results in a 
maximum height of only 0.33” (8.5mm)! 


To summarize, if you need reliable, compact and flexible 
power, from a totally reliable source, take a look at the EriPower 
range of dc/dc converters. They’re easy to use, and need no 
external components. Paralleling for higher power or redundancy 
is achieved by a simple connection and they meet every major 
international specification for RFI without external filtering. 


You can’t make a better choice for future. generations! 


Ericsson Components GmbH 
Postfach 1166, D-7 707 Engen, West Germany 
Tel: +49 7733 6033 Tix: 793923 LEIT D Fax: +49 77335927 


Ericsson Components AB | 
Power Products, $-164 81 Kista-Stockholm, Sweden 
Tel: +46 8 757 4011 Tlx: 10948 POWERIS Fax: + 46 8 757 4884 


*EriPower™ is a trade mark for standard power products from Ericsson Components AB’s power department, formerly known as RIFA Power Products. 
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POWER SUPPLY 


@ Provides more than a dozen func- 
tions 
e /s programmable via IEEE-488 
or RS-282C parallel buses 

The BOS/S performs the functions 
of de'power supply, electronic load, 
voltage source, power-pulse gen- 
erator, current source, power-func- 
tion generator, direct-coupled am- 
plifier, variable-gain amplifier, fast- 
slewing power supply, de amplifier, 
ac power supply, differential ampli- 
fier, and signal-invertering ampli- 
fier. The current or voltage output 
is controlled via a front-panel mode 
switch. Control may be internal or 
external. A 10-turn potentiometer 
controls the output over a min to 
max range. An external +10 source 
provides identical external control. 
An optional digital control board al- 
lows you to program most of the 
units’ functions via the IKEE-488 
bus or an RS-232C parallel data- 
transfer bus. Talk and listen func- 


tions have 12-bit resolution. Volt- 
age and current regulation is 
0.005%. TC is 0.01%/°C in the volt- 
age mode and 0.03%/°C in the cur- 
rent mode. RMS ripple equals 3 mV 
in the voltage mode and 0.05% in 
the current mode. Voltage and cur- 
rent output changes over 8 hours 
are 0.02 and 0.08%, respectively. 


Standard features include adjust- 
able output limiting, indications of 
mode and remote operation, and 
analog or digital voltage and cur- 
rent meters. $1095 to $1995. 
Electronic Measurements Inc, 
405 Essex Rd, Neptune, NJ 07753. 
Phone (201) 922-9300. 
Circle No 370 


CRYSTALS 


© Withstand vapor-phase, IR, and 
wave-solder operations 
@ Feature an 8- to 35-MHz fre- 
quency range 
The CX-AT-HT, AT-cut, surface- 
mountable quartz crystal features 
an extended 8- to 35-MHz fre- 
quency range. The units can with- 
stand vapor-phase, infrared, and 
wave-solder operations at tempera- 
tures to 260°C for 20 sec. Tolerances 
down to +0.0005% are available. 
The units have a 5-ppm max aging 
rate and are available in versions 
that operate over —40 to +85 and 
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—55 to +125°C. The hermetically 
sealed ceramic package is available 
in 16-mm tape. on a standard 7-in. 
reel. The crystal is also available 
in leaded versions. $3.20 to $5.45 
(1000). 

Micro Crystal Div, 35 E 21st St, 
New York, NY 10010. Phone (212) 
505-5340. 

Circle No 371 


KEYPAD LEGENDS 


© System includes numbers, let- 
ters, and symbols 

@ Feature a wear-resistant design 
This legend label system is avail- 
able for the company’s Series 89 
keypads. The labels are available in 
sheet form with numbers, letters, 
symbols, and standard key inscrip- 
tions. You can easily peel the self- 
adhesive, die-cut, legend label from 
the sheet and place it on the se- 


lected button area on the keypad. 
Using these labels, you can easily 
develop a customized keypad for 
immediate use to satisfy prototype 
or small-quantity requirements. 
The legends are printed on the la- 
bel’s second surface to prevent 
wear. $3.50 per sheet. 

Grayhill Inc, Box 10373, La- 
Grange, IL 60525. Phone (812) 354- 
1040. TLX 6871375. TWX 910-683- 
1850. FAX 312-354-2820. 

Circle No 372 
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CONNECTORS 


@ Available urth both solder-cup 
and crimp contacts 

@ Feature a shock-proof design 
DO2 Series high-density, 12-posi- 
tion circular connectors are de- 
signed for cable-to-chassis and ca- 
ble-to-cable applications. The poly- 
carbonate housing can accommo- 
date either solder-cup or crimp con- 
* tacts in a compact 3 x 0.85-in. enve- 
lope. The housing features a novel 


push-button-style plug-to-recepta- 
cle latching system, which elimi- 
nates field problems and reduces 
down time. The pin or socket con- 
tacts fit in either the plug or re- 
ceptacle. All contacts are shrouded 
to prevent electrical shock. $16 
(1000). Delivery, 12 to 18 weeks 
ARO. 

Hypertronics Corp, 16 Brent Dr, 
Hudson, MA 01749. Phone (800) 
225-9228; in MA, (508) 568-0451. 
FAX 508-568-0680. 

Circle No 373 


RECTIFIERS 


@ Feature a 50-nsec reverse recov- 
ery time 

© Handle frequencies in excess of 
20 kHz 

The USC110X and USC130X her- 

metically sealed axial-lead power 

rectifiers have 2A and 5A ratings, 

respectively, and 50-nsec reverse 

recovery times. Both are available 


in versions that handle 200, 300, 
and 400V (where X designates 4, 
5, or 6 for 200, 300, or 400V, respec- 
tively). The units are specifically 
designed for switching power sup- 
ply circuits operating at frequencies 
in excess of 20 kHz. Both lines are 
available in commercial and high- 
reliability versions. From $4 (OEM 
qty). 

Semtech Corp, Box 367, 
Newbury Park, CA 91320. Phone 
(805) 498-2111. TWX 910-836-1264. 
FAX 805-498-3804. 

Circle No 374 


ROTARY SWITCHES 


@ Available in gull-wing or J-hook 
versions 

@ Handle standard soldering and 
washing procedures 

Designed for surface mounting ap- 

plications, CS-4-22 dpdt rotary se- 

lector switches are available in gull- 

wing or J-hook styles in either bulk 


PRICE...POWER... 


282 


At $995, MAXI/PC is the most power- 
ful integrated schematic capture/PCB 
layout package available...guaranteed! 
Developed by the world’s foremost 
supplier of PCB CAD software, 
MAXI/PC offers you the most advanced 
capabilities of our high-end systems, 
designed to run on the low-cost PC. 

MAXI/PC can tackle your toughest 
boards—dual in-line, multilayer designs, 
as well as double-sided, surface-mount 
designs. Powerful features such as auto- 
matic component placement, automatic 
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eerie 


or tape-and-reel packaging. The 
units are housed in packages meas- 
uring 4.5x5x2.5 mm. The units 
withstand standard soldering and 
washing procedures, because they 
incorporate an O-ring seal. The seal 
prevents leakage even when the 
units are immersed in low viscosity 
liquids, such as Fluorinert F'C-40. 
A high-temperature housing allows 
the switches to survive infrared and 
vapor-phase soldering cycles as 
long as 3 minutes at 215°C. The con- 
tact rating is 0.5 VA for a de resis- 
tive load; the contact resistance is 
100 mQ max at 1 kHz and 20 mV. 
Maximum voltage and current rat- 


ings measure 100 mA and 16V, re- 
spectively; and the operating range 
is -25 to +70°C. Rotational life 
equals 200 cycles min. $1.30 (5000). 

Mepcopal Co, 11468 Sorrento 
Valley Rd, San Diego, CA 92121. 
Phone (619) 453-0832. FAX 619- 


481-1123. 
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POWER SUPPLIES 


e Feature five isolated and floating 
outputs 
@ Spec + 0.2% line and load regula- 
tion 
Featuring ratings to 300W, the 11 
models in the 29D Series all have 
five isolated and floating output 
voltages ranging from 5 to 24V. 
You can develop an N +1 redundant 
power system by connecting multi- 
ple, current-shared outputs in par- 
lallel. Standard features include 
field-selectable inputs of 90 to 182 
or 180 to 264V, line and load regula- 


tions of +0.2% at 100% rated load, 
current limiting, overvoltage pro- 
tection, a fault indicator, and 
overtemperature shutdown. Input/ 
output signals include remote 
sense, input power fail, output 
good, undervoltage, and inhibit (to- 
tal or individual output). Isolation 
diodes, active preload, an EMI fil- 
ter, and an overvoltage crowbar are 
available as options. $508 (25) for 
units with automatic preload, isola- 
tion diode, and EMI filter options. 
Powertec, 20550 Nordhoff St, 
Chatsworth, CA 91311. Phone (818) 
882-0004. FAX 818-998-4255. 
Circle No 376 


Text continued on pg 286 


GUARANTEED. 


.» IN PCB CAD SOFTWARE 


gate and pin swapping and automatic 
routing take you from schematic cap- 
ture to PCB manufacture faster and 
more cost effectively than ever before. 
MAXI/PC offers you the combined 
Racal-Redac experience of over 20 
years in the EDA field and of more 
than 5,500 proven installations world- 
wide. Its high functionality will meet— 
even exceed—your requirements today. 
And with its upward compatibility, 
enable you to migrate to one of our 
premier systems as your needs grow. 
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30-Day Money Back Guarantee 


MAXI/PC gives you the right power 
and functionality...for the right price. 
And guaranteed satisfaction, or your 
money back. It’s a no-risk offer you 

can’t afford to miss. 


Order Today! 


We accept check/money order, Visa 
and MasterCard. 


1-508-692-4900 


CIRCLE NO 157 


238 Littleton Road, P.O. Box 365 
Westford, MA 01886-9984 
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Schrofft 


compac mpac 
comptec 


Schroff offers you over 
100 different case 


configurations directly 


from stock. 


Schroffis the industry leader in engineered 
electronic case systems. Cases with fea- 
tures that allow economical creativity. 
Cases enhanced by a range of acces- 
sories that fill over 70 catalog pages. 

roff offers you over 25 years of enclo- 
e design experience. Experience that 
bles us to customize Schroff cases to 
your exact requirements — while meeting 
your budget and lead time needs. 


CIRCLE NO 160 


The complete 
electronic case line 


Please call 1-800-451-8755 for your 270 
page full line catalog and price list. 


SCHROFF INC. 
MANUFACTURING FACILITIES 
170 Commerce Drive Warwick, 
R. I. 02886 

Telephone (401) 7 32-37 70 
Telefax (401) 7 38-7988 


PLEASE VISIT US AT WESCON 
BOOTH 2676/78/80/82/84 


Stepper Motor Drivers. 


PBL 3771 + PBM 3960. 


Choose Ericsson Components and discover 


how the world’s leading family of motor control The new, sophisticated micro-stepping system. 

devices gives you more choice, more Dual precision chopper-driver with dual 

applications, more innovation and much more 7-bit-plus-sign D/A converter. Output 600mA 

performance for your space and money. per phase, automatic slow/fast current decay, 
plus very good low-current linearity — this is the 

PBL 3717/2. universal leader in micro-stepping 

Latest version of our industry-standard PBL performance. 

3717. Constant current switchmode control 

uprated to 1.0A continuous output current Note: All our stepper motor drivers (except 

from previous 0.8A. High, medium, low (park) PBD 3517) are available in DIP or PLCC 

and true zero output; half- and micro-stepping packages. PBL 3717/2, 3770A, and 3771 all 

capabilities; all with the utmost efficiency and have a special lead-frame for heat-sinking 

performance. Widely copied — come to the through ground pins to the pc board copper. 

source for the brightest and best. | 

PBL 3770A. We're in the lead 


Our brilliant new star. 1.5A continuous, 1.8A 


peak current. Drives all kinds of motors. | Ss 
Low heat dissipation, high packing density. i RICSSO N a 
16-pin DIP version is:pin-compatible with 

3717; also 28-pin PLCC version. 


Ericsson Components AB 
S-164 81 Kista—Stockholm, Sweden 


PBD 3517. . . Telephone +46 8 757 5000 
Low-cost driver for unipolar motors. Telefax +46 8 752 6034 


Economical, reliable, complete — you only need 


one small driver per motor. Formerly known as RIFA 
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RESISTOR NETWORKS 


® Conform to MIL-R-83401 
@ Are packaged in surface-mount- 
ing chip carriers 

These chip-carrier-packaged resis- 
tor networks are available in stan- 
dard and custom circuit configura- 
tions with resistor values ranging 
from 100 to 1 MQ. Absolute resis- 
tor tolerance can be as low as 


—_ 


Turn Good 
Ideas Into 


Good Articles 


With EDN’s FREE Wniter’s Guide! 


Would you like to get paid for sharing your clever 
engineering ideas and methods with your professional 
colleagues? If so, then send for EDN’s new FREE 
writer's guide and learn how. 

You don’t need the skills and experience of a profes- 
sional writer. And you don’t need to know publishing 
jargon. All you do need are a little perseverance, your 
engineering skills, and the ability to communicate your 
ideas clearly. 

Our new writer’s guide takes the mystery and 
intimidation out of writing for a publication. It shows 
you how to write for EDN using skills you already have. 
Plus, it takes you step-by-step through the editorial 
procedures necessary to turn yours ese into polished, 
professional articles. , 


Get your FREE copy of 
EDN’s writer’s guide by 
circling number 800 on 
the Information Retrieval 
Service Card or by calling 
(617) 964-3030. 
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+0.1% and relative tolerance as 
low as 0.01%. The networks’ tem- 
perature coefficient of resistance 
(TCR) is = +50 ppm/°C, and TCR 
tracking between resistors in the 
same package is 2 ppm/°C. Long 
term stability over a period of 1000 
hours at 70°C and at a power dissi- 
pation of 0.5W is less than 0.05%. 
Conforming to MIL-R-83401, the 
resistor networks are packaged in 
16-, 20-, 24-, or 28-pin hermetic or 
non-hermeti¢c chip carriers. They 
have an operating temperature 
range of —55 to +150°C. A typical 
network costs around $7 (1000). 

Sfernice, 199 Blvd de la Made- 
leine, 06021 Nice Cedex, France. 
Phone 93446262. TLX 470261. FAX 
93862726. 

Circle No 377 

Ohmtek, 2160 Liberty Dr, Niag- 
ara Falls, NY 14304. Phone (716) 
283-4025. TLX 710-524-1653. FAX 
716-283-5932. 

Circle No 378 


HEAT SINKS 


@ Maximize heat-sink surface area 
@ Designed to cool PGAs 

With a fin-ratio (fin height:fin spac- 
ing) of 12:1, the 2380 heat sink pro- 
vides over 100% more surface area 
than conventional extrusions of the 
same size. Designed to cool 15 x 15- 
pin grid arrays (PGAs) in forced 
convection applications, the unit 
measures 1.5x1.5x1 in. At 400 ft/ 
min airflow, the case-to-ambient 
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NEVER 
HEARD ~ 
OF THEMIS? - 
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thermal resistance is 1.5°C/W. You 
can use epoxy to bond the heat sink 
to the PGA or use the company’s 
E-Z mount mechanical attachment 
device. $1.56 (1000). 

Thermalloy Inc, Box 8108389, 
Dallas, TX 75381. Phone (214) 243- 
4321. TLX 203965. FAX 214-241- 
4656. 
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POWER SUPPLIES 


® Operate on ac inputs 
@ Feature +0.05% line and load 
regulation 

Unlike many high-voltage power 
supplies, these units have a 105- to 
125V ac standard input range; 210 
to 250V ac is optional. Outputs 
range from 0 to 1 kV at 30 mA to 
0 to 30 kV at 1 mA. Standard fea- 


THERMSTRATE’ HELPS YOU 


“GET THE HEAT OUT” 


S 


Operating Temperature 


m™ Excellent Heat Spreading 


Capability 


pecify THERMSTRATE Interface Pads. These Aluminum 
Alloy Type 1100 substrates are pre-coated with a pro- 
prietary, ‘change of state” thermal compound for: 


MTHE LOWEST Contact 
Thermal Resistance Available 
™ Decreased Component 


@ Low Installed Cost (Clean, 
Easy to Use) 

@ Elimination of Thermal 
Grease Problems 

= NO As Saae 4 or Contami- 


nation (Silicon-Free) 


Use THERMSTRATE to maximize the thermal performance 


of mating surfaces in virtually any heat dissipation 


application*. 


For more information please call, FAX, or write: 


' POWER DEVICES INC. 
Thermal Interface Products Group 
27071 Cabot Road, Suite 114 
Laguna Hills, CA 92653 (714) 582-6712 FAX (714) 582-6722 


*For applications requiring electrical isolation use lsostrate Interface Pads. 
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tures include constant-voltage/con- 
stant-current crossover, remote 
programming of both voltage and 
current, and arce/short-circuit pro- 
tection. Line and load regulation 
are each + 0.05%, and ripple meas- 
ures +0.05% p-p. A flying lead at 
the rear serves as the output con- 
nection. All control connections are 
through a pluggable terminal block 
that serves as a connector. The ac 
input connections are on a separate 
terminal strip. Current and voltage 
adjustments are located on the 
front panel. $590 to $890. 
Acopian, Box 638, Easton, PA 
18044. Phone (800) 528-9478. 
Circle No 380 


RF RELAYS 


@ Meets MIL-R-39016 require- 

ments 
@ Features a magnetically latched 

design 
The RF120 TO-5 RF relay features 
a hermetically sealed construction. 
At 1 GHz, the unit has a 0.19-dB 
insertion loss, a 1.2 VSWR, and 42- 
dB isolation across the contacts. At 
3 GHz, the respective parameters 
are 0.3 dB, 1.5, and 33 dB. The re- 
lay is designed and built to meet 
the requirements of MIL-R-39016. 
The magnetic-latching feature of 
the relay provides a nonvolatile 
memory capability—after the con- 
tacts transfer, there are no holding- 
power requirements. $96.95 (100). 

Teledyne Relays, 12525 Daphne 
Ave, Hawthorne, CA 90250. Phone 
(213) 777-0077. TWX 910-321-4610. 
FAX 213-779-9161. 

Circle No 381 
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DESIGNING POWER SUPPLIES 
FROM YOUR POINT OF VIEW 
HAS GIVEN 
COMPUTER PRODUCTS | 

ONE OF OUR OWN... 


companys 50 > sens 


tive ms eis issues 


0 people throughout North America 
- Europe sand isibate eee in power eon ree 


ae means ae ae 
‘scheduled delivery anywhere, anytime. And it means 
a resource you can | depend on from Minneapolis 


to Munich. 


es major benefit of Com puter Products is that we. 
are the source for the industry's widest selection of 
power supply products. - 

Open frame linears, open’ frame switchers, encap- 
- sulated power modules, cased switchers, high- power 
switchers, and DC/DC converters. Including a wide | 
selection of Mil-Spec switching power supplies and 
_ DC/DC converters. 2400 standard models to choose 
_ from—plus modified standard or custom versions. 
which are derived from our proven designs. 


ers’ perspective has helped 
iew from the top. Com npater 


| npar | | | 
@aworld class manufacturer. We believe _ 
" in never-ending improvement in the | 
re. of our products and processes. 
~ From Statistical Process CoBnols — 


off reply card is missing plese circle Pe service number 101 Consult REEM for Oe local sales — cn 
Call (305) 974- 9900; Ext 7914. 


BUSINESS REPLY MAIL seein 
FIRST CLASS PERMIT NO. 251 POMPANO BEACH, FLORIDA | = 
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2900 GATEWAY DRIVE 


POMPANO BEACH, FL 33069-9944 
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QUICK ACTION REPLY CARD 


PLEASE SEND: 

1. NFS 40/50/110 Series 4. Mil-Spec Catalog 

2. H, EA, AF Series 5. Engineering Handbook 
3. WS Series 6. Have a Sales Person Call 
Name Title 

Company Dept/MS 

Street 

City State Zip 


Telephone 


KNOW-HOW, EFFICIENCY 

AND RELIABILITY 

DON'T ALWAYS MAKE 
A LOT OF NOISE... 


THEMIS : FIVE YEARS’ EXPERIENCE IN VME-CARDS 


Belonging to a large French industrial group, we have taken part in the elaboration of the VME-card. 
We have thus acquired a unique experience in industrial cards. 


THEMIS : SOLUTIONS THAT WORK, SOLUTIONS THAT ARE ALWAYS SUITED 
Based on 32 bits CPU, we have developed a complete range 
of intelligent couplers specifically aimed at your industrial applications: 
robotics, graphics, communications, signal processing, etc. 
Mastering UNIX, 0S/9, and pSOS have made us 
the unquestioned specialists in real-time (UNIX/pSOS link). 


THEMIS : INDUSTRY'S SPECIAL PARTNER 


From definition all the way up to on-site integration, our teams of engineers will always be there 
to discuss with you to make sure that the achievements and reliability of your applications 
are optimised. 
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AUSTRIA: REKIRSCH ELEKTRONIK TEL: (43) 2222536 26/0 - DENMARK: SCANSUPPLY A/S 
Tee a ee iy Sa AAT 1, SU SER 
: (33. : : (33. : : ; : MODULATOR S.A. TEL: (41) 5922 22 - U.K.: 
EKELEC AIRTRONIC GMBH TEL: (49) 8951640 - ALLMOS ELECTRONIC GMBH TEL: (49) 8570000 - KORAL MICROSYSTEMS LIMITED TEL: (44) 95450526 - TEKELEC COMMUNICATION LIMITED 
T H E M | S TEL aa) 734771020 


ITALY: LAS] ELETTRONICA S.p.A. TEL: (39) 224 40012/212 - TEKELEC AIRTRONIC TEL: 


THEMIS 29, AVENUE DE LA BALTIQUE - ZA DE COURTABCEUF - 91953 LES ULIS CEDEX FRANCE 
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Shrink your design problems 
with Fujitsu half-pitch connectors 


Fujitsu’s new FCN-230 Series half-pitch connectors are twice as 
compact as conventional models — an important consideration 
when designing small portable computers and modems, as well as 
communications terminals and office automation equipment. 


@A contact pitch of 1.27mm (0.050 in.) and a 4-row zigzag terminal arrange- 
ment (1.27mm x 1.905mm) (0.050 in. x 0.075 in.) allow exceptional 
mounting density. 


® Board-to-board and board-to-cable connections available using a wide 
variety of pin numbers (20 to 96 pins) and configurations. 


@D-shell construction ensures perfect polarization. 
@Step construction of female contact arrangement ensures easy insertion. 
@|IDC (AWG#30) and solder type sockets provide superior EMI shielding 


with metal shells and round shielded discrete cables. 
FCN-230 Series Connectors 


Lyoner StraBe 44-48, Arabella Center 9. OG. /A, D-6000 Frankfurt Niederrad 71,F.R. Germany Phone: 069-66320 Telex: 0411963 Fax: 069-6632122 


FUJITSU COMPONENT OF AMERICA, INC.: 
3330 Scott Blvd., Santa Clara, California 95054-3197, U.S.A. Phone: 408-562-1000 Telex: 910-338-0190 Fax: 408-727-0355 


FUJITSU MICROELECTRONICS PACIFIC ASIA LIMITED: 
805, Tsim Sha Tsui Centre, West Wing, 66 Mody Road, Kowloon, Hong Kong Phone: 3-7320100 Telex: 31959 FUJIS HX Fax: 3-7227984 SU 


FUJITSU LIMITED (Electronic Components International Sales Support Div.): 
Furukawa Sogo Bldg., 6-1, Marunouchi 2-chome, Chiyoda-ku, Tokyo 100, Japan Phone: National (03) 216-3211 International (Int'l Prefix) 81-3-216-3211 


Telex: 2224361 Fax: (03) 216-9771 
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-We have added a new colour screen to our 


hi ine of touch control ey interfaces. 


NCE IN TEST & MEASUREMENT 


PHILIPS 


: rallett of 32 brillant i — ‘more ways 
to create effective displays, with tne same 


cont dence i in quallty 


he gives you more @ Ways to improve the 


_ operator interface of your computer-based 
machine. Prompting operators through the 
control sequences of your machine, Huke 
Touch Control Screens reduce both errors 
and training time. Your customers vuill appre- 
ciate | the value these human interfaces add 
2 hecckcmt -based ibirees 


fe a in ne spans. a varioty of ioe | 


ftom economical to sophisticated, from panel 
mount to bench top — and now we have 
added colour. The new 1050 gives you a 


Every Auke Touch Control Screen offers 


the advantages of an integrated subsystem, 


elminating costly and time consuming com- 
ponent integration. Our r figorous quality con- 


tro! procedures ensure that every unit operates 
reliably, even under the toughest at environ- 
~ mental conditions. 


Auke has been designing and manutac- 
turing touch control subsystems for the past 


ten years. As an expenenced OEM vendor, we 
understand your needs. Each unit is backed by 


PHILIPS 


complete documentation, powertul software 


tools and worldwide service and support. 


When you want your customers to get 
in touch with your machine, get in touch with 
your local Philps sales organization. 


PAE Fino] CHOICE 


IN TOUCH CONTRO r 


Belgium (2) 525 6692/94, Denmark (1) 572 20 Finland (0) 502 6371, 
France (1) 4942 8080, Germany (89) 96 050, Great Britain (923) 240 dif 
Ireland (1) 952 501, Netherlands (13) 352 455, Sweden (8) 782 I80U, 
Switzerland (i) 486 221, 

for countries not listed, write to Philips I&E, 1&M Department, 

Building HKf 5600 MO Eindhoven, The Netherlands. 


PHILIPS” 


PCM DATA RECORDERS 


REMOTE 


Imagine a digital (PCM) data 
recorder using helical-scan 
technology. Compact, light (7kg) and truly portable. One that records 2, 4 or 8 
channels of data for two hours on a single, tiny DAT-format cassette. Imagine that it 
offers unparalleled accuracy, S/N ratios of 70dB, inter-channel phase skew within 5°, 
and operates happily on AC, DC or optional batteries. 
Now imagine a sudden need—the other side of the city, or the other side of the 
world—to record critically important data. Complex, phase-sensitive acoustics. 
A threatening burst of seismographic activity. Or a promising geological survey. 
Anything where lives, fortunes or reputations may be at stake. 


And relax. Reality—in the RD series—is everything, and more, that you could 
possibly have imagined. . 


TEAC. 


TEAC CORPORATION: 3-7-3 Naka-cho, Musashino, Tokyo, 180 Japan 
Tel: (0422)52-5016 Tix: 2822451 Fax: (0422)52-1390 


@ Canada, R.H. Nichols Co. Ltd. Tel: 416-851-8871 TIx: 06-964576 Fax: 416-851-6862 Ml Korea, 


BANDO INDUSTRIES, LTD. Tel: (02) 735-1406 ~ 9 Tix: K26254 Fax:(02) 735-1479 MIR.O.C., KAIZER 
TRADING CO.,LTD. Tel: (02) 506-0980 ~ 9 Tix: 21923 Fax: (02) 506-8181 i New Zealand, Northrop Instruments & Systems Limited Tel: 856-658 Tix: NZ 3380 Fax: 857-276 M Australia, AWA 


Technology Group Tel: 888-9000 Tix: 22692 Fax: 888-9310 M™ South Africa, SPESCOM TMS (Pty) Ltd. Tel: (011) 788-0530 Tix: 4-22541 Fax: (011) 880-1549 Ml United Kingdom, INTERNATIONAL 
RECORDERS LTD. Tel: 04427 5959 Tix: 825946 M@ F.R. Germany, nbn Elektronik GmbH Tel: 08152/390 Tix: 526458 Fax: 08152-39140 @ Austria, nbn Elektronik GmbH Tel: 0316/40 28 05 Tix: 312664 
Fax: 0316/40 25 06 Mi Netherlands, SIMAC ELECTRONICS B.V. Tel: 040-582911 Tix:51037 Fax:040-582707 @ Belgium & Luxemburg, SIMAC ELECTRONICS SPRL Tel: 02-252.36.90 Tix: 23662 
Fax: 02-252.33.68 ll France, TEKELEC AIRTRONICS S.A. Tel: (1) 4534-75-35 Tix:204552 Fax: (1) 4507-21-91 Ml Italy, A.E.S.S.E.S.p.A. Tel: 02/5454.64.741-2-3 Tix: 312293 Fax: 02/545 0701 & Spain, 
ATAIO Instrumentos S.A. Tel: 733 05 62-733 37 00 Tix: 27249 Fax: 314-0485 ll Switzerland, nbn ELEKTRONIC AG Tel: 01/493 2144 Tix: 823812 i Denma 


rk, Dansk Binzer Teknik A/S Tel: 03/66 20 20 
Tix: 43558 Fax: 03/66 20 30 i Sweden, KALIBER AB Tel: 46 8 38 03 50 Tix: 14077 Fax: 08-38 05 03 @ Norway, TELEINSTRUMENT A/S Tel: (02) 78 94 60 Tix: 72919 Fax: (02) 78 76 97 Mi Finland, 
INSTRUMENTARIUM ELEKTRONIIKKA Tel: 90-5284350 Tix: 124426 Fax: 90-524 986 


“If no distributor is listed above in your area, please contact us directly for further details about our products. 
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Yes, 155MB on the TEAC MT-2ST/N50. Ina data 


drive—including SCSI interface. With backup under 
software control for everything from a single file to - 
an entire hard disk. And read-after-write data verifica- 
tion with sophisticated error correction for the high- 
est data integrity. | 

A surprising extra: full media compatibility. So 
that a backup cassette made on one data streamer 


an ideal means of exchanging or distributing large 
volumes of data. - 

Less surprising is the fact that the few Japanese 
computer manufacturers who haven't already 
adopted the MT-2ST/N50 are actively considering it. 
—for its clear advantages in compact size, huge backup 
capacity, and data interchangeability. 


a | ALASSYO Wg ie 


ene 


TEAC CORPORATION 
3-7-3 NAKA-CHO, 


TEA 


TEL: (0422) 52-5041 
TLX: 2822451 
FAX: (0422) 55-2554 


@ Hong Kong, Nissei Sangyo Co., Ltd. Hong Kong Branch Tel:3-343441-6; 
KARIN ELECTRONIC SUPPLIES CO., LTD. Tel: 3-898252 lf Singapore, Nissei 
Sangyo Pte. Ltd. Tel: 65-7372011 Mi New Zealand, Northrop Instruments & 
Systems Ltd. Tel: 856-658 @ Australia, AWA TECHNOLOGY GROUP Tel: 02 888 
9000 Mindonesia, CHUGAI BOYEKI CO., LTD. Tel: 370824 &@ Philippines, 
COMPEX INTERNATIONAL INC. Tel: 213020 @ India, Priya Electronics & 
Chemicals Limited Tel: 2863611 & Kuwait, Bader Al Mulla & Brothers Co. W.L.L. 
Tel: 2423250 @ United Kingdom, TEKDATA LIMITED Tel: 0782 577677 M@F.R. 
Germany, nbn Elektronik GmbH Tel: 08152/390 M@ Austria, nbn Elektronik 
GmbH Tel: 0316/40 28 05 M@ Netherlands, SIMAC ELEKTRONICS B.V. Tel: 
040-582911 @ Belgium & Luxemburg, SIMAC ELECTRONICS SPRL Tel: 02- 
252.36.90 M@ France, TEKELEC AIRTRONIC S.A. Tel: (1)4534-75-35 Mi Italy, 
A.E.S.S.E. S.p.A. Tel: 02-54.64.741-2-3 Hi Spain, ATAIO Instrumentos S.A. Tel: 
733 05 62 MSwitzerland, WENGER PERIPHERALS AG Tel: 01/830 75 55 
» @ Denmark, Dansk Binzer Teknik A/S Tel: 03-662020 i Sweden, MACROTEK 
AB Tel: 08-733 02 20 Norway, SCANTELE AS Tel: (2) 65 69 20 M@ Finland, 
INSTRUMENTARIUM ELEKTRONIIKKA Tel: 0-5284350 


* If no distributor listed above is in your area, please contact us directly for 
further details about our products. 
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streamer the size of a standard 3.5” microfloppy disk : 


can be read on dny other. This makes data cassettes _ 


MUSASHINO, TOKYO, JAPAN | 
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~ POWER NEWS 


Advertisement 


ISOTOP Packages Tailored for 
High Power Transistors 


Besides offering a range of standard 
ISOTOP-encapsulated PowerMOS 
and IGBT devices, Philips now 
offers ISOTOP packages tailored to 
user requirements. For large orders, 
PowerMOS, _ bipolar _ transistors, 
diodes and other semiconductor 
devices can be combined in a single 
ISOTOP package. 


The four-terminal package, which 
occupies less than 6 cubic cm, can 
take 50 V devices passing 110 A 
with drain-source on-resistance of 
10 mQ, up to devices of 1000 V, 
0.5 M passing 15 A. More rugged 
and electrically reliable than exter- 
nally isolated packages with the 
same power ratings, the package 
has a single outline for a wide range 
of power devices and is internally 
isolated to 2.5kV RMS for one 
minute. 


ISOTOP Powerpack tailored for user 
requirements 


The package can be mounted on a 
printed circuit board. It has very low 
internal lead inductance and capaci- 
tance, and good thermal resistance 
between junction and mounting 
base. The package has screw termi- 


nals. 
CIRCLE NO 7 


Rugged Logic-Level MOSFETs 
Accept 5 V Drive Voltages 


A range of logic-level MOSFETs 
from Philips Components has 
guaranteed gate-source breakdown 
voltages of 15 V, rather than the 
industry standard 10 V. The BUK500 
range includes devices that also 
withstand drain-source voltage 
spikes of up to 400 V, making them 
the most rugged _ logic-level 
MOSFETs available. The transistors 
can replace mechanical relays, with 
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drain-source on-resistances down to 
40 mQ, allowing them to pass cur- 
rents up to 40 A (A 30 mQ device is 
currently being developed). They 
are driven into full saturation by a 
5 V gate source, making them ideal 
for automotive and industrial appli- 
cations. 


The family consists of 14 transistors 
with maximum drain-source volt- 
ages of 50V, 100 V and 200 V. 
Depending on crystal size and pack- 
age, current ratings vary between 
12 A and 40 A for the 50 V devices, 
between 8 A and 25 A for the 100 V 
devices, and between 5.3 A and 
12 A for the 200 V devices. Switch- 
ing times are comparable to those of 
standard MOSFETs. 


Excellent reliability with very high 
MTBF allow a maximum operating 
temperature of 175 °C, rather the 
normal 150 °C, particularly impor- 
tant for automotive applications. 


The transistors come in three pack- 
ages with different power ratings: 
the TO186, dissipating up to 30 W; 
the SOT82, dissipating up to 75 W; 
and the TO220, dissipating up to 
125 W. Samples are available. 

A 150 W, 30 m) device is in develop- 
ment. 

CIRCLE NO 8 


FREDFETs Reduce 
Commutation Losses in 
Bridge Applications 


Aimed at half- and full-bridge appli- 
cations, these 13 FREDFETs com- 
bine commutation losses between 
five and ten times lower than stand- 
ard MOSFETs with excellent dV/dt 
behavior. Each member of Philips 
Components’ BUK600 family has an 
integral Fast-Reverse _ Epitaxial 
Diode that offers significant advan- 
tages at frequencies greater than 
50 kHz in circuits for motor control, 
inverters and uninterruptible power 
supplies. 


By doping the epitaxial layer of a 


standard MOSFET, a FREDFET 
transforms the inherently slow 
parasitic reverse-biased diode 


between a MOSFET’s source and 
drain to a fast one. This reduces the 
device’s stored charge, and hence 
the reverse recovery time by a factor 


FREDFET — TURN ON LOSSES 


v4 
| : 

| Fredfet | 
| 


V Fredfet } | \ 


Turn-on losses: MOSFETS vs. FRED- 
FET 


of five or more in practical circuits to 
as low as 125 ns for a 500 V, 11 A 
device at 25 °C junction tempera- 
ture. The doping also keeps leakage 
currents and drain-source on-resis- 
tance down to those of other Power- 
MOS devices. 


The BUK600 family has maximum 
drain-source voltages between 
400 V and 1000 V, while drain- 
source on-resistances as low as 
0.4 Q lead to high drain currents ofa 
maximum of 14A for the 400 V 
transistor and nearly 9 A for the 
1000 V devices. Larger crystal sizes 
will be introduced in early 1989. 


The BUK600 devices come in TO220, 
SOT93 and SOT199 packages. Sam- 
ples of the 400 V, 500 V and 600 V 
devices are available now. Samples 
of the 800 V and 1000 V devices will 
be available early next year. 
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Leaders in 
Backplane Systems 
Technology 


* Fully press-fit backplanes 


* Industrial compatible products 
including DIN HDI 


* VME and other standard bus systems 


* Design prototypes and production 


* Packaged systems, enclosure 
and sub-assemblies 


FROM EUROPE’S 
LEADING MANUFACTURER 


Turn Good 
Ideas Into 


Good 
Articles 


With EDN’ FREE 
Wniter'’s Guide! 


Would you like to get paid for sharing 
your clever engineering ideas and 
methods with your professional col- 
leagues? If so, then send for EDN’s 
new FREE writer’s guide and learn 
how. 

You don't need the skills and 
experience of a professional writer. 
And you don't need to know publishing 
jargon. All you do need are a little per- 
severance, your engineering skills, and 
the ability to communicate your ideas 
clearly. 

Our new writer’s guide takes the 
mystery and intimidation out of writ- 
ing for a publication. It shows you 
how to write for EDN using skills you 
already have. Plus, it takes you step-by- 
step through the editorial procedures 
necessary to turn your ideas into 
polished, professional articles. 


Get your FREE 
copy of EDN’s 
writer's guide by 
circling number 
800 on the Infor- 
mation Retrieval 
Service Card 

or by calling 
(617) 964-3030. 
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| Sorensen 


HPD60-5 


20 mA P-P 


| Ripple & Noise V 5mV RMS, 50 mV P-P 
| Line Regulation 01% +2mV 


The choice in _. 
rensen. Callor — 


- | Load Regulation} _‘ 01% +2mV 


01%+1mA 


Model 


| 01%+1mA 


| Transient +/~ 50% Load changes in range of 25 - 100% 
se | Response of rated load in less than 500 gasec. 
_ _ 12 Bit Resolution Programming V + 
| [SEE interace 8 Bit Resolution Readback of V + 
_ 52HxX43Wx117D 5.8 lbs. 


132 mm Hx 109 mmWx 297mm = 2.6 Kg 


NEW PRODUCTS 


SERVO CONTROL CHIP 


® Generates a velocity profile 
© Optimizes track-access speed of 
disk drive 

The ML4404 trajectory-generator 
chip optimizes the track-access 
speed of head-positioning servos for 
high-end disk drives. The chip gen- 
erates a velocity profile that pro- 
duces the optimal velocity for posi- 
tioning the Read/Write heads on 
3’2- and 5’/-in. disk drives. The 
ML4404 features an anticipate func- 
tion, which modifies the trajectory 
curve to eliminate the overshoot 


CACHE TAG MEMORIES 


@ Feature 17- to 30-nsec operating 
speeds 

@ Include panity-checking 9th bit 

The SSL2152 and SSL2154 are 
2k x 9-bit cache address compara- 
tors that feature address compare- 
to-match output times as fast as 17 
nsec. According to the manufac- 
turer, the devices are the fastest 
cache-tag memories available in this 
density and organization and are 
100% functionally compatible with 
the TACT2152/54 from Texas In- 
struments Inc. The S8SL2152/54 also 
feature a 9th bit to handle parity 
checking, which is gaining popular- 
ity in high-performance, 32-bit 
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problem. The chip also provides 
control of the settling time at the 
destination track by means of an ex- 
ternal resistor. Designed on the 
company’s FB38620 tile-array plat- 
form, the ML4404 can be custom- 
ized to specific requirements with 
minor modifications to the double- 
layer metal masks. The chip is part 
of a four-chip set that is available 
on evaluation boards. $7.40 (1000). 
Micro Linear Corp, 2092 Con- 
course Dr, San Jose, CA 95181. 

Phone (408) 483-5200. 
Circle No 385 


CISC and RISC systems. The ICs 
have TTL-compatible inputs and 
outputs and are cascadable in mem- 
ory depth and word width. The 
SSL2152 has a totem-pole output; 


the SSL2154 has an open-drain out- 


put. Available packages include 
DIPs and PLCCs. Prices, which de- 
pend on the speed selection and 


package, range from $35 to $56 
(100). . 
Saratoga Semiconductor, 10500 
Ridgeview Court, Cupertino, CA 
95014. Phone (408) 864-0500. FAX 
408-446-4416. 
Circle No 386 


FIBER-OPTIC CHIPS 


@ Available in three-chip sets 

@ For 50M- and 200M-bit systems 
Designed for fiber-based LANs as 
well as standard telecommunica- 
tions, the company offers two three- 
chip sets for use at data rates to 
50M- and 200M-bits, respectively. 
The 50M-bit set operates as a Man- 
chester biphase mark-encoded sys- 
tem. The transmitter section in- 
cludes an LED driver (SP9960), 
which features drive-current pro- 
grammability from 15 to 150 mA. 
The receiver section contains the 
SL9901, a transimpedance amplifier 
that interfaces with a PIN diode, 
and the SP9921 decoder, which per- 
forms the functions of clock and 
data recovery. The 200M-bit set op- 
erates over the 100M-to 200M-bit 
spectrum, which includes the FDDI 
(Fiber Optic Distributed Data In- 
terface) standard. The SP9954 
transmitter can drive an LED or a 
laser diode and features external- 
resistor programming of the operat- 
ing current. The receiver consists 
of the SL9904 transimpedance am- 
plifier and the SP9944 data-slice cir- 
cuit, which converts the output 
from the SL9904 to a true ECL- 
level signal. A programmable 
threshold-detect function directly 
supports the requirements of the 
FDDI standard. The 50M-bit chip 
set, $39.08; the 200M bit chip set, 
$60.01 (1000). 

Plessey Semiconductors, 1500 
Green Hills Rd, Scotts Valley, CA 
95066. Phone (408) 438-2900. TLX 
4940840. FAX 408-488-5576. 

Circle No 387 
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The MC88000 RISC Multibus II 
Single Board Computer 


The TP880M from Tadpole 


eThe Philosophye eThe Designe 


The TP880M design brings together the outstanding 
performance of the Motorola MC88000 RISC processor set, 
the power of the full Multibusil/iLBX II interfaces, an 
MC68000/68440 I/0 subsystem with SCSI and Ethernet, and 
the specially designed Tadpole 88000 RISC optimising C 
Compiler. The result is an outstanding product that offers 
users the very best of current SBC technology. 

The Specifications 
MC88100 RISC processor (20-33MHz) 
16Kb MC88200 cache/MMU instruction cache 
16Kb MC88200 cache/MMU data cache 
4-16Mb Nibble mode parity-protected DRAM 
iPSB interface implemented using the Intel Message 
Passing Coprocessor (MPC) 
iLBX interface and iSBX connector 
I/O Subsystem MC68000/68440 CPU/DMA provides 
SCSI 4 RS232 ports © Upto 128Kb EPROM 
64Kb SRAM and optional ETHERNET networking 
TP-IX V.3.1* 
TP-CDS/88K advanced C development environment 
T-Mon 88K Monitor with extensive SCSI support 


eThe Evidencee 


‘ 


2 
ce I Co GN Co 


ae mei A Prema q 


ole Technology 


é } driving force in 32-bit design | 
Tadpole Technology - Tadpole Technology Inc Tadpole Technology Inc 


Titan House, Castle Park, Reservoir Place, 2157 O'Toole Avenue 

Cambridge, CB3 OAY, UK 1601 Trapelo Road, Waltham, Suite F, San Jose, 
Tel: 0223 461000 Massachusetts, 02154, USA California, 95131, USA 
Fax: 0223 460727 Tel: 0101-617-890-8898 Tel: 0101-408-435-8223 


Fax: 0101-617-890-7573 Fax: 0101-408-435-8482 


T A D P O L E 


UNIX is a trademark of AT&T Multibus Il, iSBX, iPSB and iLBX are trademarks of the Intel Corporation Ethernet is a trademark of the Xerox Corporation 
VRTX is a trademark of Ready Systems *TP-IX V.3.1 is derived from UNIX V.3.1 
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PRECISION OP AMP 


® Has a 6.5-MHz bandunidth 

® Can drive loads to 1500 pF 
Featuring a 6.5-MHz bandwidth, a 
35V/usec slew rate and a settling 
time of 1 psec (to 0.01%), the 
OPA602P op amp minimizes dy- 
namic errors and provides accurate 
signal processing in data conversion 
applications. All dynamic and de 
specifications are rated with a 1-kO, 
resistor in parallel with a 500-pF 
load. The OPA602P can drive ca- 
pacitive loads to 1500 pF in unity 
gain. Other features include an off- 
set voltage of +1 mV (max), a bias 
current of + 2 pA (max), and low 
noise (12 nV/VHz). The OPA602P 
comes in an 8-pin plastic DIP. $2.80 
(100). 

Burr-Brown, Box 11400, Tucson, 
AZ 85734. Phone (602) 746-1111. 
TLX 666491. TWX 910-952-1111. 

Circle No 388 


MATH COPROCESSOR 


@ 32-bit chip runs at 33 MHz 
© Breaks two-million Whetstone 
barrier 

The 68882 second-generation, 32-bit 
floating-point math coprocessor has 
a speed of 33 MHz. This high- 
performance coprocessor is used 
with the company’s 68000 family of 
wP’s. The 68882 conforms to the 
IEEE Standard for Binary Float- 
ing-Point Arithmetic and offers 
software- and pin-compatibility 
with its predecessor, the 68881. Ac- 
cording to the company, the chip 
is the first to break the two-million 
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Whetstone barrier—a standard 
benchmark that tests a processor’s 


ability to perform mathematical op- — 


erations). $708. Delivery, 60 days 
ARO. 

Motorola Inc, Technical Info 
Ctr, Box 52073, Phoenix, AZ 85072. 
Phone (512) 440-2839. 

Circle No 389 


ANALOG SWITCHES 


@ Low on-resistance 

@ Fast switching speed 

Fabricated in silicon-gate technol- 
ogy, the DG417, DG418, and DG419 
analog switches provide a low on- 
resistance of 350 and a fast switch- 
ing speed (t>,) of 175 nsec. In addi- 
tion, the devices feature low power- 
dissipation of 35 wW and low leak- 
age-current of 250 pA. The devices 
operate from a single supply, which 
eases the design of unipolar sys- 
tems. The devices are available in 
8-pin plastic DIPs and small-outline 
packages for industrial applications 
and in 8-pin ceramic DIPs for mili- 
tary use. Prices range from $1.45 
to $9.84 (100). 

Siliconix Inc, 2201 Laurelwood 
Rd, Santa Clara, CA 95054. Phone 
(408) 988-8000. 

Circle No 390 


CMOS FIFO 


@ Features 25-nsec access tume 

@ Features three flag outputs 
Fabricated in CMOS, the IDT7200 
is a 256X9-bit FIFO register that 
features a 25-nsec access time. The 
register offers three flag outputs: 
full, half-full, and empty. The chip’s 
9-bit wide data array is useful for 
systems that require byte-wide par- 
ity. The device has a re-transmit 
capability, which can re-read data 


from the first read location. You can 
cascade the FIFO in depth and 
width by means of two connections. 
Maximum supply current is 80 mA 
for commercial versions and 100 mA 
for military versions. The IC comes 
in a 32-pin PLCC, a 32-pin CLCC, 
or a 28-pin 300-mil DIP. Prices start 
at $50.90 (100). 

Integrated Device Technology 
Inc, Box 58015, Santa Clara, CA 
95052. Phone (408) 727-6116. TWX 
910-338-2070. 

Circle No 391 


PREAMPLIFIER 


e Employs hybrid cascode micro- 
circuit 7 

@ Delivers high-gain and low-noise 
at — 200°C 

The RL-790 charge-sensitive pre- 

amplifier can amplify signals at 

— 200°C. It employs a hybrid micro- 


- circuit utilizing JFETs in a cascode 


configuration to deliver high-gain 
and low-noise performance. The 
RL-790 has a sensitivity of 0.2 V/pC 
and an equivalent noise charge of 
240 electrons. The hybrid has an in- 
put capacitance of 25 pF and a 10- 
nsec rise time with an 950, imped- 
ance. The 1.25 x 1.25 x 0.25-in pack- 
age withstands liquid argon radia- 
tion detectors. You can interface 
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43+ Dhrystones. 17+ MIPS. 7+ MFlops. 
4Mb DRAM. 1 SCSI. One VME Board. 


The TP880V from Tadpole 


eThe Philosophye eThe Designe 


The TP880V is a high performance Single Board Computer for 
VME based systems. Designed round the Motorola 88000 
RISC architecture, the TP880V offers 17MIP, 6MFlop 
performance at 20MHz and provides a very high level of 
integration of processing and I/O features on a single card. 
Tadpole's 88K C Compiler was specially developed to take 
full advantage of the 88000 RISC architecture. 


e The Specificatione 


MC88100 RISC processor (20-33MHz 

16Kb MC 88200 cache/MMU instruction cache 
16Kb MC88200 cache/MMU data cache 

4-16Mb Nibble mode parity-protected DRAM 

I/O Subsystem MC68000/ 68440CPU/DMA 
53090 high performance sync/asynchronous SCSI 
2 RS232 Ports e 128Kb-1Mb EPROM 
Extensive diagnostics capabilities 

Full VME Interface Rev C.1 IEEE 1014 

DTB Master-DTB Slave Syscon interrupter/handler 
64Kb SRAM battery-backed RTC 

TP-CDS/88K advanced C development environment 
tue 88K Monitor with extensive SCSI support a 


e The Evidencee = 


f TPSS116V2 f§ TPESISv1 | F TPASZ5V1 f TPasosv: 


f rpagiisvi P TPSs10V1 


f TPest3iV: 


Tadeole Technology 


os, ob force in 32-bit design 
Tadpole Technology plc Tadpole Technology Inc Tadpole Technology Inc 
Titan House, Castle Park, Reservoir Place, 2157 O'Toole Avenue 
Cambridge, CB3 OAY, UK 1601 Trapelo Road, Waltham, Suite F, San Jose, 
Tel: 0223 461000 Massachusetts, 02154, USA California, 95131, USA 
Fax: 0223 460727 Tel: 0101-617-890-8898 Tel: 0101-408-435-8223 
Fax: 0101-617-890-7573 Fax: 0101-408-435-8482 


UNIX is a trademark ofA T&T “*TP-IX V.3.1 is derived from UNIX V.3.1 
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INTEGRATED CIRCUITS 


the unit with vacuum photodiodes 
and all standard semiconductor de- 
tectors. $125. 

REL-Labs Inc, 30 Midland Ave, 
Hicksville, NY 11801. Phone (516) 
935-7272. 

Circle No 392 


RESONANT-MODE IC 


@ Operates from 1 kHz to 1.2 MHz 
@ Varies frequency according to 
load changes 
Designed for resonant-mode switch- 
ing power supplies, the GP605 uses 
frequency modulation rather than 
traditional pulse-width modulation 
to control regulation. It holds the 
pulse width constant and varies the 
frequency according to load 
changes. The device reduces power- 
supply size, component stress from 
zero-current switching, switching 
losses, and EMI. It features a fre- 
quency range from 1 kHz to 1.2 
MHz and a duty-cycle capability of 
60% at 1 MHz. The IC is available 
in commercial, industrial, and mili- 
tary versions, and comes in 16-pin 
DIPs and 16-pin small-outline IC 
packages. From $3.19 (1000). 
Gennum Corp, Box 489, Station 
A, Burlington, Ontario, Canada 
L7R 3Y3: Phone (800) 263-9353; in 
Ontario, (416) 632-2996. TLX 
0618525. 
Circle No 393 


FLASH A/D CONVERTER 
® Provides 8-bit output 

@ Features a 400-MHz bandunidth 
Featuring a flash architecture, the 
monolithic AD770 A/D converter 
provides an 8-bit output at 200M 
samples/sec. It has a 250-MHz full- 
power bandwidth and a 400-MHz 
small-signal bandwidth. The AD770 
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allows low-distortion sampling of 
100-MHz Nyquist-frequency signals 
without an external S/H circuit. 
Two reference inputs set the unipo- 
lar or bipolar analog-input range 
within a +2V span. Force and 
sense taps allow accurate end-point 
adjustment for these reference volt- 
ages. A reference resistor ladder 
provides taps at mid- and quarter- 
points. You can use these taps to 
curve the ADC transfer function 
and to improve RF decoupling. 
A proprietary error-correction 
scheme reduces erroneous output 
sparkle codes that are typical of 
flash converters. All digital outputs 


are ECL compatible. The AD770 is 


available in a 40-pin ceramic DIP 
for either the commercial or mili- 
tary temperature range. From $175 
(100). 

Analog Devices, Literature Cen- 
ter, 70 Shawmut Rd, Canton, MA 
02021. Phone (617) 329-4700. TLX 
924491. TWX 710-394-6577. 

Circle No 394 


DATA SYNCHRONIZER 


@ Features PLL window control 
© Supports GCR, MFM, and RLL 
codes 

The DP8459 data synchronizer in- 
cludes a phase-locked loop that lets 
designers reduce bit-error rate 
through improved window accu- 
racy. The device features synchro- 
nized window generation and a digi- 
tal window-strobe control with 5-bit 


resolution. The IC is capable of ad- 
dressing the needs of hard disks, 
floppy disks, optical disks, and 
tape-drive memory systems. The 
DP8459 accomodates the preambles 
used with Group Code Recording; 
Modified Frequency Modulation; 
and 1,7 and 2,7 run-length-limited 
codes. The data-rate range extends 
from 250k bps to 24M bps with 2,7 
code and beyond that range with 
the 1,7 code. All digital input and 
output signals are TTL-compatible. 
The device operates from a single 
5V supply and is available in a 28- 
pin plastic leaded chip carrier. $20 
(1000). | 
National Semiconductor Corp, 
Box 58090, Santa Clara, CA 95052. 
Phone (408) 721-6725. TLX 346353. 
TWX 910-339-9240. 
Circle No 395 


FET-INPUT OP AMP 


@ Has a 350-nsec settling time 
© Offers harmonic distortion of less 
than 0.0001% 

The AD845 FET-input op amp fea- 
tures a typical settling time of 350 
nsec to 0.01% (for a 10V step) into 
a 5000, 100-pF load. The op amp 
has a total harmonic distortion 
(THD) of less than 0.0001%, which 
makes it suitable for driving high- 
speed ADCs and DSP-system front 
ends. Dynamic performance in- 
cludes a 100V/usec slew rate, a 16- 
MHz small-signal bandwidth, and 
1.75-MHz full-power (+10V into 
9000.) bandwidth. The input offset 
voltage is 250 wV max with drift 
of less than 5 wV/°C. Open-loop gain 
is typically 250V/mV into a 5000 
load, the minimum CMRR is 94 dB, 
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68030 UNIX’or VRTX*Multibus I 
Single Board Computer 


The TP33M from Tadpole 


eThe Philosophye eThe Designe 


The TP33M is designed to bring together onafully configured 
single board computer the outstanding performance of two 
leading edge technologies: INTEL Multibus II and the 16-33 
MHz MC 68030 CISC processor. 


°The Specifications 


MC68030 processor 16-33MHz 

4-16Mb Nibble mode DRAM 

Custom 32-bit DMA controller 

NCR 53C90 DMA-driven synchronous or 
asynchronous SCSI interface 

AMD Lance IEEE 802.3 Ethernet with DMA 
6 x RS232 ports ot 
Multibus II/iSBX/iLBX II interfaces 

Battery backed-up real time clock . 

2Kb SRAM e 256Kb EPROM 

TP-IX V.3.1* e VRIX 

VRTX - TP-IX* communications software 
Intel transport layer protocol drivers 


e The Evidencee 


FTPH915VS 


Freszicse, MEP 1733394 | 
LE Carl Fre 333 42 | 


oro 


FT 22350N% 


Tadpole Technology 


the / driving force in 32-bit design 
Tadpole Technology plc Tadpole Technology Inc Tadpole Technology Inc 
Titan House, Castle Park, Reservoir Place, 2157 O'Toole Avenue 
Cambridge, CB3 OAY, UK 1601 Trapelo Road, Waltham, Suite F, San Jose, 
Tel: 0223 461000 Massachusetts, 02154, USA California, 95131, USA 
Fax: 0223 460727 Tel: 0101-617-890-8898 Tel: 0101-408-435-8223 


Fax: 0101-617-890-7573 Fax: 0101-408-435-8482 


UNIX is a trademark of AT&T Multibus Il, iSBX, iPSB and iLBX are trademarks of the Intel Corporation Ethernet is a trademark of the Xerox Corporation 
VRIX is a trademark of Ready Systems  *TP-IX V.3.1 is derived from UNIX V.3.1 
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and the maximum peak-to-peak 
noise is 4 pV from 0.1 to 10 Hz. 
Analog Devices, Literature Cen- 
ter, 70 Shawmut Rd, Canton, MA 
02021. Phone (617) 935-5565. TWX 
710-394-6577. 
Circle No 396 


VIDEO DAC 


® Contains three 6-bit DACs 

@ Meets VGA graphics standards 
Pin-compatible with the IMSG176 
industry standard, the DAC0630 
video DAC contains three internal 
6-bit DACs for red, green, and blue, 
along with a 256x 18-bit color- 
lookup table. The VGA-compatible 
IC can select 256 colors from a pal- 
ette of 262,144 choices and supports 
pixel rates to 50 MHz. The 
DAC06380 also provides a fully syn- 
chronous wP interface with TTL- 
compatible inputs. The device, 


which operates from a single 5V 
supply, includes protection diodes 


DESIGN FOR 
IN-CIRCUIT 
PROGRAMMING 
AND CUT 
PRODUCTION 
COSTS. 


Following a few simple 
rules in board design can 
mean tremendous Sav- 
ings in production. When 
you design for in-circuit 
programming, you can 
easily program devices 


update costs—especially 
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CIRCLE NO 96 


for surface-mount 
devices. And Data |/O's 
complete line of in-circuit 
programmers are the most 
reliable, versatile and cost- 
effective tools for the job. 


oe CALL TODAY FOR 

on your circuit boards YOUR FREE COPY OF 
after they are fully “INTRODUCTION TO 
assembled. IN-CIRCUIT 

In-circuit programming PROGRAMMING.” 
can improve production 
flow, reduce inventory, 1-800-247-5700 
and lower firmware Ext. 953 


DATA I/O 


on each pin that eliminate latch-up 
problems and provide ESD protec- 
tion to 2000V. The IC is available 
in 28-pin DIP and CERDIP pack- 
ages. From $9 (1000). 

National Semiconductor, Box 
58090, Santa Clara, CA 95052. 
Phone (408) 721-7158. TLX 346353. 
TWX 910-839-9240. 

Circle No 397 


DIGITAL AUDIO ADC 


@ Offers 16-bit performance 

@ Has a 92-dB dynamic range 

The CSZ5126 is a monolithic stereo 
A/D converter for use in digital 
audio applications. The chip fea- 
tures 16-bit resolution, a 92-dB dy- 
namic range in a stereo mode (95 
dB in 2X oversampling mode), and 
harmonic distortion of less than 
0.001% in either mode. The chip’s 
signal-to-noise-plus-distortion ratio 
is better than 92 dB. An internal 
18-bit self-calibration circuit, which 


FAST 


maintains bit weights and ensures 
no missing codes, provides a differ- 
ential nonlinearity (DNL) of 0.25 
LSB (typ) over the life of the de- 
vice. The CMOS device, which fea- 
tures a sleep mode for portable op- 
eration, is packaged in a 28-pin DIP 
and dissipates less than 240 mW. 
$27.20 (1000). 

Crystal Semiconductor Corp, 
Box 17847, Austin, TX 78744. 
Phone (512) 445-7222. TLX 910-874- 
13852. FAX 512-445-7581. 

Circle No 398 


DC/DC 


TRANSIENT 

RESPONSE = CONVERTERS 
eLurren & niro 

x | | 

eee FAST 


DELIVERY 


MODELS 
FROM 


INTERNATIONAL POWER DEVICES, INC. 
155 N. BEACON ST., BRIGHTON, MA 02135 
Phone: (617)782-3331 * Fax: (617)782-7416 * Telex: 989-752 
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68030 - VME 
The Real Single Board Computer 


The TP32V from Tadpole 


¢The Philosophye eThe Designe 


Designed for optimum system performance from a single full 
IEE 1014 VME board, the TP32V needs no other cards, piggy- 
backs or mezzanines to deliver the full potential of the 16-33 
MHz MC68030. To maximise overall throughput, all the on- 
board I/O facilities were designed to take advantage of 
hardware transfer buffers, DMA facilities and advanced DRAM 
arbitration techniques between competing resources. 


¢The Specification ® 


MC68030 16-33MHz 

MC68450 4-channel DMA controller 

4Mb multi-ported nibble-mode DRAM 

AMD Lance IEEE 802.3 Ethernet with DMA 

28530 SCC giving two DMA-driven RS232 sync/ 
asynchronous ports and two further RS232 
asynchrous ports 

NCR 53090 DMA-driven synchronous or 
asynchronous SCSI interface © Floppy disk controller 
Full VME Rev C.1 IEEE 1014 interface 

64-512Kb EPROM = ®:-_ Batttery-backed RTC/SRAM 
Full debug monitor © Optional MC68881/2 FPU 
TP-IX/68K version of UNIX V.3.1* © NFS, RFS, TCP/IP 


e The Evidence® 


Ee De Gre 
PP 1P32-00_| 
PP p33.17 DP 1P32-90 MP 132-81 | 


Tadgole Technology 


the / driving force in 32-bit design 
Tadpole Technology plc Tadpole Technology Inc Tadpole Technology Inc 


Titan House, Castle Park, Reservoir Place, 2157 O'Toole Avenue 

Cambridge, CB3 OAY, UK 1601 Trapelo Road, Waltham, Suite F, San Jose, 
Tel: 0223 461000 Massachusetts, 02154, USA California, 95131, USA 
Fax: 0223 460727 Tel: 0101-617-890-8898 Tel: 0101-408-435-8223 


Fax: 0101-617-890-7573 Fax: 0101-408-435-8482 


UNIX is a trademark of AT&T — Ethernet is a trademark of the Xerox Corporation 
VRIX is a trademark of Ready Systems *TP-IX V.3.1 is derived from UNIX V.3.1 
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Radstone wp Pf my 
can deliver it now. 


Radstone Technology is the only company in the world that 
delivers proven VMEbus board and system level products 
for every application from commercial to full Military Specifi- 
cation...and everything in between. Plus more than 30 

years of solid computer experience —more than anyone in 
the OEM board level computer market. 


A 
4 F 
A 


MPCC, Ethernet and serial and intelligent 
communications boards 

Static and dynamic memory boards 
ATR boxes accommodating 15, 8 or 5 boards 
Complete software support, including Ada 


Radstone’s commercial VMEbus product line includes: BITE Built-In Test Equipment 


16 and 32 bit processor boards, including a complete family 
of 68030-based boards 

Memory boards covering all available capacities and 
technologies, CMOS versions and VME/VSB models 

The world’s fastest and most popular SCSI boards; 

parallel, serial and analog I/O boards; and much more 
Development chassis with peripheral hardware and a wide 
range of advanced operating systems 


All Radstone Mil-Spec VME modules are also offered in elec- 
trically and mechanically compatible reduced environmental 
spec versions to give you low cost hardware for severe —but 
not full military — applications. Even lower cost versions are 
available for off-the-shelf development work. 


All Radstone Mil-Spec VMEbus boards fully comply with 

both VME and Military Specifications. These boards 

are built with MIL-STD-883C class B components and 

meet MIL-E-5400, MIL-E-4158 and MIL-E-16400. They 

feature low power CMOS components and conduction 

cooling via an on-board thermal management layer. 
68020-based processor boards A lot of companies claim complete VME capability. 
SCSI and 1553B interface boards Only Radstone can deliver it now. 


Radstone is the only company that produces all its boards in 
military qualified production facilities. And we back up our 
market-matched commercial, ruggedized and Mil-Spec VME 
products with technical support services second to none in 
the world. 


UK Water Lane, Towcester, Northants, NN12 7JN, (0327) 50312 

USA One Blue Hill Plaza, Pearl River, New York 10965, (914) 735-4661 
France ‘Miniparc ; 6 Avenue des Andes, 91940 Les Ulis, (1) 64.46.04.03 
Germany BahnhofstraBe 38, D-6090 Riisselsheim (0 61 42) 6 80 04 @ 
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Real-Time UNIX 7? 


Everyone s talking about it now, but we've been shipping it Send in the coupon below for your free copy of 

since 1982. And we've continued to set the real-time standard Understanding Real-Time UNIX, by Prof. John Henize. 
every year since. RTU"", our real-time enhanced UNIX 
operating system, provides guaranteed , 
response plus the flexibility and compatibility 


of AT&T System V and 4.2 BSD. rl 1-800-451-1824 
| — =— — (MA508-692-6200) 


Get in tune with the best real-time systems 
available. 


Scientists, engineers, systems integrators, 

and OEMs can choose from a family of * a . : a 7 
MC68030/020-based multiprocessor = . morn sm _ Send this coupon to MASSCOME, Dept. LDNO, 
computers, from 3 to 25 MIPS, with VMEbus"" > One Tecimology Way, Westford, MAUIGSG = 
and Multibus.'" They're designed for high- “gr a! |) YES, please send a ‘oman copy of 
performance applications in data acquisition, i? ‘Understanding Real: Time UNIX. 
digital signal processing, imaging, C*I, and C Send me information on MASSCOMP real time 
real-time simulation. : computer systems. : 


What’s behind the trend to real-time UNIX? 
Want to learn how your real-time application can benefit 
from UNIX power and compatibility? 


a MASSCOMP 


UNIX is a trademark of AT&T Bell Labs. 
MASSCOMP and RTU are trademarks of Massachusetts Computer Corporation. 
VMEbus is a trademark of Motorola Corporation. Multibus is a trademark of Intel Corporation. 
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@ very fast re sponse tim 


NEW PRODUCIS 


TEST & MEASUREMENT INSTRUMENTS 


HAND-HELD DMMs 

® Provide 37/,-digit display 

@ Measure frequency, duty cycle 

and capacitance 

The models 88, 85, and 87 meters 
are environmentally sealed, hand- 
held units with 3%-digit (4000- 
count) liquid-crystal displays. In ad- 
dition to de and ac voltage and resis- 
tance, the meters measure fre- 
quency, duty cycle, and capaci- 


QUALITY SWITCHES AND 
POTENTIOMETERS 


LEVER SWITCHES 

PUSH SWITCHES 

SLIDE SWITCHES 
ROTARY SLIDE SWITCHES 
ROTARY SWITCHES 
POTENTIOMETERS 


CUSTOMER'S DESIGNS 
ARE WELCOME! 

SEND YOUR SPECS, 
T-MEC WILL PROVIDE 
THE BEST YOU NEVER 
GOT BEFORE. 


T-MEC 
TAIWAN MISAKI 
ELECTRONICS 
CO., LTD. 


NO. 88, 

NAN FENG STREET, 
TAOYUAN, TAIWAN, 
R.0.C. 

TEL: 886-3-3612183/5 
TLX: 34676 TMEC 
FAX: 886-3-3623889 
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CONTACT T-MEC TO GET RELIABILITY! 


tance. The 83’s de readings are ac- 
curate to within 0.3%; those of the 
85 and 87 are accurate to within 
0.1%. The meters also provide an 
analog readout in the form of a bar 
graph on the 83 and 85 and a pointer 
on the 87. This readout updates 40 
times each second—60% faster than 
the analog readout on the vendor’s 
70-series instruments. For visibility 
in dimly lit locations, the 87 can pro- 
vide back lighting for its display. 
The 87 also has a 4’A-digit (20,000- 
count) display mode. The units 
withstand 1000V overloads in ohms 
and diode-test modes. In addition 
to functioning as a normal tilt stand, 
the flexible stand can suspend the 
meters from doors and pipes. 83, 
$189; 85, $219; 87, $259. 

John Fluke Mfg Co Inc, Box 
C9090, Everett, WA 98206. Phone 


Sing it! Say it! Play it!...now in high fidelity! The new 
enhanced VP620E Voice Processor converts 20Hz to 
7.0 kHz audio inputs into ADPCM encoded digital data 
for hard disk recording on your PC/XT/AT/386 or 
compatible. Playback flawless, authentic audio when 
and where you want it from background DOS commands. 

Just plug it in, load menu driven software and 29 MB 
will give you 1 hr. of full fidelity digital audio from your 
PC. Its quick, easy and suprisingly affordable. 

Use it for telecommunications, broadcasting, 
robotics, interactive video, process control prompting, 
and other off-screen operator interface applications. 

Call 1-800-338-4231 (not Ca.) for facts on the new 
VP-620E 16kHz board that will make your PC sing! 


ANTEX 
ELECTRONICS 


16100 S. Figueroa St. © Gardena, CA 90248 - (213) 532-3092 ¢ FAX (213) 532-8509 


(800) 443-5853, Ext 33. 
Circle No 400 
Philips Test and Measurement, 
Building HKF’, 5600 MD Ejindoven, 
The Netherlands. Phone local 


office. 
Circle No 401 
TRANSIENT RECORDER 
@ Includes assembly-language 
drivers 


@ Two 12-bit ADCs provide simul- 
taneous input 
The R1240 hardware/software 
package lets you use your IBM PC, 
PC/XT, PC/AT, or compatible as a 
transient recorder system. It em- 
ploys two 12-bit ADCs with a 1- 
MHz rate for simultaneous input. 
Using the package, you can analyze 
signals with frequency components 


_ AUDIOFILE 
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SELECT 
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TEST & MEASUREMENT INSTRUMENTS 


from de to 250-kHz signals. It fea- 
tures software-selectable gains 
from 2 mV to 82V, and pretrigger 
and post-trigger capabilities. The 
32k-byte memory/channel—expand- 
able to 64k bytes—and the turnkey 
operation of the software provide 
the programming facilities. You ac- 
cess the software from C, Turbo 
Pascal, or Basic. The vendor pro- 
vides samples of data-acquisition 
and data-display software with 
source code. $2995. 

Rapid Systems Inc, 4383 N 34th 
St, Seattle, WA 98103. Phone (206) 
547-8311. TLX 265017. 

Circle No 402 


WORD RECOGNIZER 


® Converts scopes into logic-analy- 
sis tools 
@ Decodes words as wide as 16 bits 
The P6408 word-recognizer/trigger 
probe converts any oscilloscope into 
a logic-analysis tool. The probe 
works with TTL. It has a high 
threshold of 2V and a low threshold 


of 0.7V, and it gets its power from 
any 5V supply. To use the probe, 
you set dip switches to define the 
word you want recognized. When 
the incoming signals equal the word 
you set up, the probe issues a scope- 
trigger signal. If you supply a clock 
signal, the probe will synchronize 
its trigger output with the clock. 
You can attach the supplied grab- 
ber tips—which are on 20-cm-long, 
color-coded leads—to circuit nodes 
with centers as close as 0.050 in. 
$350. 

Tektronix Inc, Box 3500, C1-820, 
Vancouver, WA 98668. Phone (800) 
835-9433, Ext 170. 

Circle No 403 


EPROM EMULATOR 


©@ Emulates ROMs to 1024k bits 
@ Allows program control and trac- 
ing as an option 

The E102 EPROM emulator emu- 
lates devices with 16 to 512k bits 
of storage; using an optional probe 
assembly, it can emulate 1024k-bit 
devices. You can also expand it to 
emulate four EPROMs simultane- 
ously. For file storage and operator 
control, the instrument interfaces 
with IBM PCs and compatible com- 
puters via an RS-232C port. An un- 
usual feature is the unit’s ability— 
with an optional breakpoint card— 
to break and trace program execu- 
tion, a capability normally associ- 
ated with in-circuit emulators, not 
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with ROM emulators. The trace 
buffer is 4k words deep. The unit 
accesses CPU control signals to al- 
low you to define a 256-byte “win- 
dow” in EPROM space that you can 
treat as system RAM. From $825. 
Adams-Macdonald Enterprises 
Inc, 800 Airport Rd, Monterey, CA 
93940. Phone (800) 777-1202; in CA, 
(408) 373-3607. TLX 882141. 
Circle No 404 


WAVEFORM SAMPLER 


@ Digitizes to 9 bits at 250M sam- 
ples/sec 

@ Stores 128k samples 

The 660-1 waveform sampler plugs 
into the vendor’s Data 6100 main- 
frame. The plug-in unit has a single 
A/D converter that digitizes one or 
two channels of analog data. It can 
perform a total of 250-million con- 
versions/sec to a resolution of nine 
bits; the unit’s RAM can retain 128k 
samples. The memory can store 
data from one or both channels. 
When operating as a 2-channel in- 
strument, the unit has single-ended 
inputs. When you use it as a 1- 
channel device, you can connect sig- 
nals differentially. The instrument 
offers several unusual trigger 
modes. In one of these modes, you 
can define a voltage “window” and 
trigger a sweep when the signal 
either enters or leaves the window. 
For repetitive waveforms, the unit 
has a random equivalent-time sam- 
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pling mode with a maximum effec- 
tive sampling rate of 25G samples/ 
see and a bandwidth of 125 MHz. 
$7995. Delivery, 60 days ARO. 
Analogic/Data Precision, 8 Cen- 
tennial Dr, Peabody, MA 01961. 
Phone (617) 246-0300. TLX 
6817021. FAX 617-531-4502. 
Circle No 405 


EVENT-TRIGGER UNIT 


e Triggers DSOs from events occur- 

ring at 18 GHz 
e@ Allows trigger-point definition by 

level and slope 
The HP 54118A event-trigger unit 
is an accessory to digital-storage os- 
cilloscopes (DSOs), such as the ven- 
dor’s HP 54120T. It allows you to 
trigger the scopes on signals that 
are not continuous waves (CW) and 
whose frequencies lie above the 
normal trigger range. The unit en- 
ables stable triggering on radar- 
pulse carriers, CW signals with 
large noise components, and radio- 
frequency bursts. Countdown syn- 
chronizers do not allow stable trig- 
gering from such signals. The unit 
allows you to define the trigger 
point based on the trigger signal’s 
level and slope as you do when trig- 
gering from lower frequency 
sources. The unit covers a 0.5-to-18- 
GHz range; it provides hold-off de- 
lays of 50 to 200 msec. The output 
jitter is less than 3% of the input- 
signal period, and the output delay 
from the trigger edge is 4 nsec. 
$8925, including cables and accesso- 
ries for viewing the trigger signal. 
Delivery, six weeks ARO. 

Hewlett-Packard Co, 19310 Pru- 
neridge Ave, Cupertino, CA 95014. 
Phone local sales office. 

Circle No 406 
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, Available Now 
P\ 256K 25ns /64K 15ns 
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MT5C256 256K X 1 PDIP, CDIP, SOJ, LCC 
SRAMs. 

We’ve applied the same state-of- MT5C2564 64K X 4 PDIP. CDIP SO], LCC 
the-art design and process technology used MT5C2565 64K X40E PDIP, CDIP. SOJ, LCC 
for our high quality DRAMs in development of our 
fast static RAMs — with some amazing results. MT5C2568 32K X 8 PDIP, CDIP, SOJ, LCC 

At an incredible 25ns for 256K and 15ns for 64K, | 64KX1 | 
our SRAMs are breaking speed records. And we’re MISC6401 64K X 1 PDIF, CDIF, SOJ 
not just sampling product, we’re shipping MT5C6404 16K X 4 PDIP, CDIP, SOJ 
production volumes. —— 

Choose from a wide variety of components MT5C6405 16K X 4 OE PDIP, CDIF, SOJ 
16K to 256K and organizations of x1, x4 and x8. 

And like all Micron memory products, our MT5C6408 8K X 8 PDF CDIE SO).LCC 
SRAMs are backed by the type of strong sales, | W6KX1 
customer service and technical MI5C1601 16K X 1 PDIF, CDIP, SOJ 
ao sale aa — you on MT5C1604 AK X4 PDIP, CDIP, SOJ 
the leading edge. — 

ears MT5C1605 4K X 4 OE PDIP, CDIP, SOJ 
MT5C1606/7 4K X45S.1/O PDIP, CDIE SO} 
MT5C1608 2K X 8 PDIP, CDIP, SOJ 


For additional information on 
*Slower speeds also available. 


how you can break the SRAM 


speed barrier, call 208-386-3900. 
TECHNOLOGY, INC. 


Micron, it’S a name worth remembering. 
European Office: Trafalgar House, Grenville Place, Mill Hill, London W73SA Phone: 01-959-3611, FAX: 01-959-6168 


Micron just broke 

the SRAM speed barrier “ 
with our family of leading 
edge, super high speed CMOS 


UNITED KINGDOM FRANCE BELGIUM DENMARK FINLAND NETHERLANDS ITALY SPAIN ISRAEL NORWAY SWEDEN 

Micro Call Ltd. Rep’Tronic, SA MCA-Tronix SPRL _— Henckel Elektronik Turion Oy AKAM Moxel S.r.L. ATD Electronica, S.A. Rapac Electronic, Ltd. BIT Elektronikk A.S. IEK AB 

Phone: (084 421) 5405 Phone: (1) 69288700 Phone: (041) 674208 Phone: (03) 906333. Phone: (0) 372144 Phone: (079) 443200 = Phone: (02) 61290521 Phone: (1) 2344000 Phone: (3) 477115 Phone: (03) 847099 Phone: (08) 804685 
Abacus Electronics PLC A2M ay2oee? 

Phone: (0635) 30680 Phone: (1) 39549113 


RTF Diffusion 
Phone: (1) 47460113 
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Bourns Trimpot simplifies the 
whole process of trimming op amp 
circuits. The new OT1 offset 
trimming potentiometer improves 
op amp circuit performance. It cuts 
component count. It saves board 
space. There’s nothing else like it, 
anywhere! 


Better Circuit Performance 
This op amp offset voltage 
adjustment component isolates both 
op amp power supplies to reduce 
the negative effects of drift. By 
using a center tap design, the OT1 
effectively separates the two power 
supplies, resulting in up to a 10X 
improvement in voltage offset error 

caused by power supply drift. 


FREE SAMPLES 
Try the new OT1 in 
your own design at 
no cost. Send for 
this application 
synopsis and 
product guide 
today, which 
includes a 

FREE sample 

offer. Just 

circle the reader 
service number below. 


Parts/Space Reduction 

The OT1 cuts component count, 
too. Until now, you needed a 
trimming potentiometer, various 
fixed resistors and diodes to adjust 
most op amp offset voltages 
accurately. Now with the OT'1, most 


diodes can be eliminated and 
fixed resistor count can be 
reduced. Circuits can be simplified, 
and board space can be reduced 
while improving the operating 
accuracy of the op amp circult. 


Application Specific 

The new OT is the most recent 
example of this Bourns commitment 
to offer products that satisfy real life 
design problems, like yours. 
Application specific products require 
an unending search for ways in 
which to serve you better. We call it 
‘“‘Customerized Technology,’ and 
you ll see the advantages. 

Contact us today for all 
the details. 


BOURNS TRIMPOT 


After 40 years, there’s still no equivalent. 


Bourns, Inc., 1200 Columbia Avenue, Riverside, California 92507; (714) 781-5050; TLX: 676-423; TWX: 910-332-1252; FAX: 714-781-5700. European Headquarters: Zugerstrasse 
74 6340 Baar. Switzerland: 042-333333; TLX: 868722: FAX: 042-319017. Benelux: 070-874400; TLX: 32023. France: 01-40033604, FAX: 01-40033614. Germany: 0711-22930, 
FAX: 0711-291568. Ireland: 021-357001: FAX: 021-357443. United Kingdom: 0276-692392; FAX: 0276-691037. Asia Pacific Headquarters: 1401 Citicorp Centre, 14th Floor, 
18 Whitfield Road, Hong Kong: (852) 5-702171. TLX: 82953 BAPHK HX; FAX: 852-5-664341, CBL: BOURNSASPA HONGKONG. Singapore: (65) 339-3331; FAX: (65) 339-1116. 


COPYRIGHT © 1987, BOURNS, INC. 9/87 


CIRCLE NO 84 


305 


Now, high performance 
vacuum/pressure blowers 
that operate from 120 VAC 


mtroller input/speed control 
jwersupply _ (remote model) 


These new Wind- ‘ VDC signal from a 
jammer® blowers com- sensor or other device 
bine electronics, motor, will control motor speed 
_ and fan system ina . and adjust air perfor- 
compact, cost-effective b aa anes : csi mance from 0 to 100%. 
package that operates 9 OFUSHIESS CC MOLOFS WIEN 6, 4 econ model pro- 


_ froma standard 120 integral controller and vides manual speed con- 
VAC input. Anexcusive variable speed capability tro by means of apo- 
Lamb Electric design, they were developed _tentiometer located in the blower housing. 
for demanding, limited space applications These blowers also feature low noise 

such as business machines, medical equip- —_ performance and are UL/CSA component 
ment and materials handling applications. recognized. Get complete details by 
__ Just 5.7" in diameter, the blowers have contacting AMETEK, Lamb Electric Divi- 
_ 1-,2-, or 3-stage fans for performance sion, 627 Lake Street, Kent, OH 44240. 
___ from 50"H>0 vacuum at 0 CFM to 110 (216) 673-3451. Telex: 433-2140. 
_ CFMat0"H>0.Withoneversion,aOto10 Cable: LAMETEK. 


ETEK 


_ LAMB ELECTRIC DIVISION 
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INSTRUMENTS 


PROGRAMMABLE FILTER 


@ Lets you store 10 instrument con- 
figurations 
@ Features a 1- to 100-kHz fre- 
quency range 

Employing programming capabili- 
ties, the SR640 dual-channel filter 
lets you optimize signal-processing 
applications. It features an 8-pole, 
6-zero elliptic filter and a 1- to 100- 
kHz frequency range. With a 0.1 
dB/octave roll-off, the filter has an 
80-dB stopband attenuation. It pro- 
vides a 60-dB prefilter gain with a 
20-dB postfilter gain. You can by- 
pass the filter and leave both the 
prefilter and postfilter gains active, 
according to the vendor. You can 
store a maximum of 10 instrument 
settings in a nonvolatile RAM. All 
uP components are optically iso- 
lated from the filter. IEEE-488 and 
RS-232C interfaces are standard. 
$2990. 

Stanford Research Systems Inc, 
1290D Reamwood Ave, Sunnyvale, 
CA 94089. Phone (408) 744-9040. 
TLX 706891. 

Circle No 407 


SYNTHESIZER 


® Covers 10 MHz to 18.4 GHz with 
0.4-Hz resolution 

® Switches frequencies in <1 wsec 

The FS-2000A-18 direct frequency 
synthesizer covers a 10-MHz-to- 
18.4-GHz range with 0.4-Hz resolu- 
tion. You can program it by supply- 
ing parallel BCD signals. It 
switches between any two frequen- 
cies in <1 psec. With the carrier 
frequency set to 18.4 GHz, noise is, 
less than —108 dBe/Hz at a fre- 
quency of 20 kHz from the carrier. 
Spurious signals are less than — 70 
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dBe up to 2.8 GHz and less than 
—52 dBe at 18.4 GHz. Frequency 
stability is better than 5 x 10-9/day 
after 24 hours. Output power is 10 
dBm into 50Q and is flat within 2 
dB across the frequency range; har- 
monics remain less than —25 dBe. 
The unit occupies 51/4 in. in a stan- 
dard 19-in. rack. $89,500. Delivery, 
16 to 20 weeks ARO. 

Comstron Corp, 10 Hub Dr, Mel- 
ville, NY 11747. Phone (516) 756- 
1100. 

Circle No 408 


DSP EMULATOR 

@ Supports TMS320C10 family to 
382 MHz 

@ Operates nonintrusively and 
transparently in real time 

The ICE Model E-232-DSP-10 emu- 

lates the TMS320C10 family of DSP 

microcontrollers at 32 MHz interac- 

tively, nonintrusively, and trans- 

parently. According to the vendor, 


competitive instruments cannot 
emulate the full range of processor 
capabilities in real time or they 
usurp target-system resources, 
such as one or more stacks. The unit 
allows you to define three sets of 
events that, when recognized, 
break program execution or control 
tracing. These events consist of rec- 
ognition of any 8k addresses or ad- 
dress ranges; recognition of data 
that matches, exceeds, or is less 
than a pattern whose length can be 
8k bits; occurrence of CPU opera- 
tions such as read, write, I/O, 
DMA, or opcode fetch; and occur- 


rence of external inputs of program- 
mable polarity qualified by pro- 
grammable expressions. $5995. 
Signum Systems Inc, 1820 14th 
St, Santa Monica, CA 90404. Phone 
(213) 450-6096. 


Circle No 409 


GENERATOR 


@ Produces sine, square, and trian- 
gular waves 

@ Sweeps 1000:1 ranges from 0.2 
Hz to 2 MHz 

The 3017 sweep/function generator 

produces sine, square, and triangu- 

lar waves, as well as CMOS- and 


these facts: 


—I"x 2" package 
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e IWR Series (1 watt) 


—Reliable to 350,000 hours 
—Only unit on the market with 4 outputs 
ina 24 Pin—DIP package 


- @ ITS Series (2 watts) 
— 18-70 V input range 


If You're Fed Up With Outdated 
DC/DC Converter Technology, 


Get It Out Of Your System. 


> If you’re a design engineer, you know how frustrating it is to design a system utilizing typical 
P.C.B. mounted converters. Because the market is filled with old technologies that are inef- 
ficient, unreliable, bulky, and lack the kind of flexibility you need. 


Melcher has the solution: four lines of state-of-the-art units that offer you superior per- 
formance in a smaller package size. These units have higher isolation, lower noise, a wider 
input range, and the widest temperature range compared to the “‘competition:’ Consider 


e ISR5 & ISR10 Series 
(5 & 10 watts) 
—9—33 V input range 
—Adjustable output 


—Exceptionally low output ripple 


e IPS Series (6 watts) 
—2:| input range 
—75% efficiency 


For more information on these superior units, just give us a call. Because when it 
comes to P.C.B. mounted converters, Melcher has the answer. 


aa) 
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T'S IN THE CARDS 


Our line of 18 signal switching cards is the widest variety anywhere, so 
you can configure a system to match your signal types without sacrificing. 


system performance’ - — 


SIGNAL INTEGRITY a. i |. 
To get the most from your test system, you must make sure your signals 
are switched without attenuation, distortion or alteration by the switch- 
ing and interconnect‘ Since Keithley has more switching cards than any- 
one, you can be assured of signal integrity, no matter what the test: 
Choose from: 


Matrix Most flexible 
Scan/Multiplex 1, 2, or 4 pole switching 
Sensitivity Currents to 40fA, voltages to 30nV 
High Level Currents to 5A, voltages to 1000V 
Bandwidth Frequencies to 500MHz 
Temperature Thermocouple cards with <1pV 
offset and built-in reference 
Special Applications Hall effect, nanovolt switching, 
Kelvin switching, universal 
adapter 


Each of these switching capabilities is referenced in our new Switching 
Handbook« 


SYSTEM INTEGRATION 


Keithley switches let you customize applications by mixing cards in two 
or 10-slot mainframes* For larger systems, you can connect up to five 
mainframes and program them at one IEEE-488 address« 


Keithley switching further simplifies system integration with digital I/O, 
triggers in/out, relay setup memory, inspect mode for determining relay 
configuration, and more4 : 


SYSTEM PERFORMANCE 


Our products are designed for compatibility, and you'll find the proof in 
easier system integration and smoother performances And in addition to 
switching, we also supply the full range of programmable measure- 
ment and source instrumentation 
for many test requirementsé Plus, 
our Application Engineering De- 
partment is always available to 
help you select the right instru- 
ments and configure them for peak 
system performance4 


Keithley Instruments Inc., 28775 
Aurora Road, Cleveland, Ohio, 
441394 (216) 248-0400« 
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—————— eas 


TTL-compatible pulse trains, at fre- 
quencies from 0.2 Hz to 2 MHz. Us- 
ing an external or internal sweep 
source, you can obtain swept-fre- 
quency outputs with a 1000:1 
max:min frequency ratio. The inter- 
nal source allows you to set the 
sweep time from 0.5 to 30 sec. The 
unit also contains a dc-bias voltage 
source whose output you can add 
to the waveforms. Multiple sets of 
terminals enable you to obtain sev- 
eral types of output simultaneously. 
Sinewave distortion is less than 1%; 
squarewave symmetry (at 100 kHz) 
and triangular wave linearity are 
better than 98%. $319. 

B&K Precision, 6470 W Cort- 
land St, Chicago, IL 60635. Phone 
(312) 889-1448. 

Circle No 410 


ACOUSTIC TESTER 


@ Provides chirp, impulse, or tone 

stimulus 
e Records, averages, and analyzes 

system response 
The Sysid is a PC-based acoustic- 
measurement system built around 
the vendor’s 16-bit DSP board. It 
simultaneously acquires data on 
two channels with 16-bit resolution 
at 50k samples/sec. It also stimu- 
lates the system under test with a 
chirp, impulse, or tone, and ana- 
lyzes the system response. The 
measurement system makes rati- 
ometric measurements and saves 
data on disk or prints it. $2995. 

Ariel Corp, 110 Greene St, Suite 
404, New York, NY 10012. Phone 
(212) 925-4155. TLX 4997297. FAX 
212-966-3981. 

Circle No 411 


IEEE-488 INTERFACE 


e Features data-transfer rates to 
500k bytes/sec 

@ Provides 24-bit addressing 

The GPIB-S3?/4 kit helps you control 
instrumentation in VME-based, 
multitasking environments. The kit 
consists of an interface board, an 
adapter bracket, a cable, a Unix 
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software handler on a Sun car- 
tridge, and documentation. With 
500k-byte/sec max data-transfer 
rates and 24-bit addressing, this in- 
terface provides full DMA. You can 
perform several tasks concurrently 
with different devices. The kit pro- 
vides IEEE-488 synchronization 
detection. Over 30 IEEE-488 func- 
tions and an interactive program 


with a C interface let you 
troubleshoot devices. With an 
adapter bracket and Unix software, 
$2745; without an adapter bracket, 
$1945. 

National Instruments, 12109 
Technology Blvd, Austin, TX 
78727. Phone (800) 531-4742; in TX, 
(800) 433-3488. TLX 756737. 

Circle No 412 


~ WIN/TCP for 386 STREAMS connec 
your 80386-based systems running popular — 
versions of UNIX System V Release 3 to 
other computers supporting the TCP/IP 


suite of protocols. — 


_Logonto remote systems, transfer files / 


sichanue mail, and integrate Netwo 
anagement functions. WIN/TCP f 
AS also supports: the Rem te 


Group, Inc. 


Palo Alto, CA 94303. 


WOLLONGONG 


1129 San Antonio Road, 


_ Weare the standard: ; 
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SOT-223...REAL 1W 
PERFORMANCE ON 
PRINTED CIRCUIT BOARDS! 


Kinked leads absorb thermal stress, 
preventing damage to crystal. 


Accepts extensive range of 
crystals up to 2.5mm square. 


Tab position leaves base free to 
be glued for wave soldering. 


Dissipates a full 1W on printed circuit boards and 
2W on ceramic substrates, without extra cooling. 


An extensive range of crystals-rectifiers, diodes, 
thyristors, and both MOS and bipolar transistors up — 
to 10 GHz can be put into the versatile SOT-223 
Outline. This feature, combined with the excel- 

lent heat dissipating property of SOT-223 

means that you can now benefit from SMD 

technology in a wider range of applications. 


But that's just the start. SOT-223 offers you 


power-p/us an impressive list of board-mounting 
benefits. 


Design ensures level mounting eliminating 
hot-spots, and also allows visual inspection of 
solder joints. 


Supplied on standard 12mm tape for speed and 
simplicity of automated placement. 


Optimised for mounting onto both printed circuit boards 
and ceramic substrates using all current soldering techniques 
including wave and reflow. 


Can be mounted on the same solder pad design as the 
D-pack outline. 


For designers in consumer electronics, automotive, 
telecommunications, EDP industries etc., SOT-223 is a major 
advance in SMD technology. Get the full facts fast. Complete 
and post the coupon, today! 


Philips Components, MC Department (Building BA) SMD: 
TECHNOLOGY 


P.O. Box 218, 5600 MD Eindhoven, The Netherlands 


Please send me full details of the 
new Philips SOT-223 SMD package, fast. 


NAME 
STATUS 
COMPANY 
ADDRESS 


TELEPHONE NO. 


NEW PRODUCTS 
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DATA MANIPULATOR 


@ Reads and plots an unlimated 
number of data points/set 
@ Can import data from spread- 
sheets 

TECH*GRAPH*PAD integrates 
the data-retrieval, data-manipula- 
tion, and data-output requirements 
of engineers and scientists. Among 
the major enhancements of release 
3.0 are a worksheet “browse” mode 
that brings up Lotus 1-2-3, Sym- 
phony, or Quattro spreadsheets and 
lets you retrieve data from them; 
an improved user interface; user- 
controllable color control for both 
on-screen display and hard-copy 
output; and drivers for HPGL- 
compatible laser printers and color 
printers. This release lets you read 
an unlimited number of data points/ 
set; provides error bars, super- 
scripts, and subscripts; and can cre- 
ate both Lotus and HPGL .PIC 
graphics files that you can use in 
conjunction with word-processing 
or desktop-publishing software to 
integrate text and graphics. The 
program runs on IBM PCs and com- 
patibles, PS/2s, Apollo Series 3000/ 
4000 workstations that have an MS- 
DOS emulator, and VAX/VMS ma- 
chines that have MS-DOS services. 
$395; upgrade for current users, 
$99. 

Binary Engineering, 100 Fifth 
Ave, Waltham, MA 02154. Phone 
(617) 890-1812. 

Circle No 415 


SOFTWARE MANAGER 


@ Provides change- and version- 
control under Xenix 

@ Provides complete audit trail of 
all modifications 

The Aide-de-Camp (ADC) soft- 

ware-management system provides 

change-control, version-control, 

configuration-management, and in- 

formation-management facilities for 

microcomputer systems, running 
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under the Xenix operating system. 
It can automatically create struc- 
tural documentation and build or 
back up a software system from the 
appropriate modules. The system 
provides a complete audit trail of 
all modifications to the modules that 
compose a given system. According 
to the vendor, ADC is the only con- 
figuration-management system that 
tracks the relationships between 
software entities at each release. It 
stores changes as separate, pro- 
gram-related entities that you can 
include in, or delete from, subse- 
quent releases; this feature facili- 
tates the management of parallel 
versions, and the migration of en- 
hancements and bug fixes from one 
program path to another. The sys- 
tem has been available for worksta- 
tions since 1982, and this version 
for microcomputer systems that run 
under the Santa Cruz Xenix operat- 
ing system is now available. Xenix 
version, $2500; workstation and 
minicomputer versions, $5800 to 
$15,200, depending on the host con- 
figuration. 

Software Maintenance & Devel- 
opment Systems Inc, Box 555, 
Concord, MA 01742. Phone (508) 
369-7398. 

Circle No 416 


FAX SOFTWARE 


@ Lets you send CAD drawings 
from a PC to a FAX machine 
@ Can handle E-size drawings and 
can add a header message 
CAD-Fax is a communications 
package that consists of menu- 
driven software and a half-size fax 
modem card that plugs into IBM 
PCs, PS/2s, and compatibles. You 
ean transmit any CAD file that is 
written as a plot file in HPGL or 
AutoCAD PRP format. The system 
automatically converts the file to 
CCITT Group III fax format and 
sends it over the PSTN at 9600 bits/ 


| The BEST! 


SIMULATOR 
for ANY 


SCHEMATIC 


e 10 picoseconds accuracy 

¢ over 500,000 gates/sec. 

¢ 20,000 gates/1 Mbyte RAM 
e runs on PC/AT and 386 

e used for ASIC designs 


SUSIE™ is assy. language based 
simulator that outperforms mainframe 
simulators: 


[] multiple PLDs 
|] multiple MPUs 
L] TTL/ECL/CMOS 


Since SUSIE is interactive, you can 
operate switches, load JEDEC and hex 
files and modify design on-the-fly 
without loosing a single second on any 
compilation. SUSIE displays automatical- 
ly all bus conflicts and timing violations. 
e EASY TO LEARN 

¢ FULLY INTERACTIVE 

e DISPLAYS BUS CONFLICTS 
e SHOWS TIMING VIOLATIONS 


TRY IT !!! 


UNCONDITIONAL 30-DAY 
MONEY BACK GUARANTEE 
Ask for a free simulator sample! 


(805) 499-6867 


In Europe, contact Philips: 
TEL: 31-40-785-344, 
FAX: 31-40-786-334 


ALDEC 


Automated Logic Design Co. 
3525 Old Conejo Rd., #111 
Newbury Park, CA 91320 


Dealer Inquiries Invited! 
© 1988 by ALDEC Company 
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= DATA ACQUISITION 
0 MHz for<$1500 


Features: 


© Hot-Line Tech Support 


(800) 942-1441 


GOLEM 
| PERFOR 


GOLEM's Plug-In Board and Software Provides 
Your IBM Compatible PC with these Capabilities: 
Digital Storage Oscilloscope 

Spectrum Analyzer 

Front End to 1-2-3 and Other Packages 


e Two Channels on Monitor (Hercules, CGA, EGA, VGA) 
20 MHz (40 MS/sec)—Single Channel 
40 MHz (20 MS/Sec)—Two Channel 
® Two Independent Cursors 
e All Setups from Keyboard or File 
e Programmable Retrievable Test Routines 
© Trigger Modes: Auto, Ch 4/Ch 2, Ext. TTL 
e Arithmetic, Integration, Differentiation, 
Mean + RMS, FFT—Selectable Windows 
© Output to Standard Printers and as ASCIl Files 
e Available with 4K, 16K, 128K Buffers 


Call for orders or more information 
Master Card and VISA honored 


Golem systems 
1526 Holly Ct., Thousand Oaks, CA 91360 


MANCE-+PRICE 
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sec. If line quality is poor, the mo- 
dem automatically drops its trans- 
mission rate to 7200, 4800, or 2400 
bps to obtain error-free transfer. 
When sending drawings that are 
too large for a fax machine to han- 
dle, the system automatically di- 
vides each drawing into the appro- 
priate number of 81/2-in. strips and 
inserts alignment markers so that 
the recipient can easily reconstruct 
the full-sized drawings. You can 
also prefix each drawing with a cus- 
tomized header message of as many 
as 400 characters—no header sheet 
is needed. Because the system 
eliminates the need to cut up draw- 
ings at the sending end as well as 
the scanner, it not only saves time 
but takes full advantage of the 200- 
dots/in. resolution of the receiving 
fax machine. It produces clean out- 
put, unmarred by the spots and 
blurring that you often find on let- 
ters received by fax machines. 
Complete hardware/software pack- 
age, $1995. 

GammaLink, 2452 Embarcadero 


Way, Palo Alto, CA 94803. Phone 


(415) 856-7421. TLX 4992108. FAX 
415-494-7042. 
Circle No 417 


DATA ANALYZER 


@ Lets you analyze data as you ac- 
quire it 

@ Analyzes both single data points 
and waveforms 

SNAP-CALC is a general-purpose 

software package that allows you 

to perform both concurrent process- 

ing of data during acquisition and 

postprocessing of data stored in a 

file. You can use postprocessing to 

perform automatic analysis of multi- 
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ple files without operator interven- 
tion. The software is menu-driven 
to make setup easy. Mathematical 
operations include the calculation of 
arithmetic, trigonometric, calculus, 
logic, correlation, and statistical 
functions. You can analyze single 
data points or as many as eight 
waveforms with as many as 32,000 
data points. The package works 
alone or in combination with the 
vendor’s Snapshot Storage Scope or 
Snap-F FT packages. $495. 
MetraByte Corp, 440 Myles 
Standish Blvd, Taunton, MA 02780. 
Phone (508) 880-3000. TLX 503989. 
FAX 617-880-0179. 
Circle No 418 


8051 DEVELOPER 


@ Lets you program in assembly 
language or Forth 
@ Lets you use an IBM PC to de- 
velop 8051 software 

chipFORTH 8051 is an interactive 
software cross-development pack- 
age that runs on an IBM PC or com- 
patible and includes a real-time, 
multitasking executive for embed- 
ding in an 8051-based target sys- 
tem. The package includes an edi- 
tor, a compiler, an assembler, and 
a debugger. You can write pro- 
grams for the target system in 8051 
assembly language or in high-level 
Forth and download the executable 
object code to the target system via 
a serial link. A 200-byte removable 
“talker” program also uses the se- 
rial link and allows you to execute 
and interact with the software on 
the target, using the host PC as a 
virtual terminal. This talker pro- 
gram eliminates the need for an in- 
circuit emulator. The real-time ex- 
ecutive can handle a virtally unlim- 
ited number of tasks; creation and 
assignment of these tasks is under 
complete control of the program- 
mer. The executive allows tasks to 
use a real-time clock (if one is pre- 
sent in the target system) for tim- 
ing events asynchronously. The 
software comes with a Cavendish 
Automation CA-7030-CPU/A proto- 
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typing board, which has 16k bytes 
of memory that you can configure 
either as RAM or as EPROM. The 
board also has 8k bytes of static 
RAM and multiple I/O ports. $3750. 
Forth Inc, 111 N Sepulveda 
Blvd, Manhattan Beach, CA 90266. 

Phone (218) 372-8493. 
Circle No 419 


RISC DESIGN TOOLS 
@ Includes simulator for 
UT1750AR pP 
@ Assembler and linker are written 
in C for portability 

The UT1750 design toolkit allows 
you to develop software for the ven- 
dor’s UT1750AR RISC pP on an 
IBM PC or compatible. The RASM 
assembler translates RISC mne- 
monic syntax into relocateable 
UT1750AR machine-language mod- 
ules and provides macro facilities as 
well as a full complement of stan- 
dard assembler directives (includ- 
ing EXTERNAL and PUBLIC). 
You can partition your programs 
into manageable segments and then 
link these to each other and to li- 
brary routines to form a complete, 
executable program. The RLNK 
linker lets you declare specific mem- 
ory segments as RAM or ROM, pro- 
duces a complete table of symbols, 
and converts the output to Intel 
Hex format for downloading to a 
PROM programmer. The RASM/ 
RLNK package also includes a 
monitor that lets you read and 
change the wP’s internal registers 
and external memory via the proc- 
essor’s built-in serial port. IRSIM 
is an interactive hardware/software 
simulator that allows you to develop 
application software before the tar- 
get hardware is available. It per- 
forms critical-timing analysis, sym- 
bolic disassembly of RISC code, and 
reassembly/relinking of programs 
without leaving IRSIM. The simu- 
lator is also available with a debug 
tool that both communicates with 
and controls the target RISC proc- 
essor via the chip’s built-in serial 
port. RASLN package (RASM, 


SAVE 
BUY DIRECT 


15-DAY FREE TRIAL 
$399 


DSA-250 


Digital Storage Adapter 


¢ Selectable pre-trigger 
¢ 8 bit resolution 
¢ Low price 


The DSA-250 lets you turn your 
analog oscilloscope into a digital 
storage oscilloscope, allowing you to 
capture information which cannot be 
viewed on a conventional scope. And 
our incredibly low catalog price of 
$399 insures you won't find a better 
deal. Our new catalog also offers a 
large selection of electronics testing 
and prototyping equipment at low 
direct-from-the-factory prices... 
proving you really can buy the 

best for less! 


Call TOLL-FREE 


1-800-345-6251 


4 
| 9 Enclosed is my check for the DSA-250. | 

(CT and CA residents include state sales tax.) 
| O Please send me your new | 
Global Direct Catalog. EDN101388 | 
Name | 
Company 
Address 
City State Zip | 
@ Global Specialties | 
Mail Order Division | 

PO. Box 1405 

New Haven, CT 06505 | 
Ss Gen mis, sci casa si: Sam. chm’ sins al 


(1-800-445-6250 in Connecticut) 


To order your DSA-250 at our 
low catalog price simply call our 
toll-free order line, mention this ad 
and have your Visa or MasterCard 
ready. Or send your check with the 
coupon below. 

There’s a lot in our new catalog that 
will interest you. Send the coupon 
below and we'll put you on our 
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314 


The New Era in High Voltage 


lIEEE-488 


ogrammable High Voltage Power Supply 


Low Ripple € Noise - 
Diagnostic Self Testing 


Load Protective Circuitry 


a & a Sn ass aia 


ro ge ee Model a 


225-01R | 0 to +1000V 0 to Sa 225-10R | Oto +10.C00V | 0 to 2.5mA 
225-03R | 0 to +3000V 0 to 10mA 225-20R | Oto +20.000V | Oto 1.0mA 
225-05R | 0 to +5000V 0 to 5.0mA 225-30R | 0 to +30,000V | G to 0.5mA 
ai. BER [ AN ASSOCIATES. Inc. 


The Leader in High Voltage for Two Decades 


121 New South Rd., Hicksville, NY 11801 
(516) 433-3110 © TWX 510-221-2144 
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DID YOU KNOW? 


Half of all EDN’s 


articles are staff-written. 


EIDIN 


CAE & SOFTWARE 


RLNK, and monitor), $1000; IR- 
SIM, $1750; SIMDB (IRSIM with 
debug tool), $2195; UT1750 toolkit 
(RASLN and SIMDB), $2995. 
United Technologies Microelec- 
tronics Center, 575 Garden of the 
Gods Rd, Colorado Springs, CO 
80907. Phone (719) 594-8158. 
Circle No 420 


REAL-TIME ADA OS 


@ Allows both multitasking and 
multiprocessing 
@ Can handle a mixture of CPUs 
in the 68000 family 
MTOS/UX-Ada is a real-time Ada 
executive for embedded systems 
that can run as many as 16 tightly- 
coupled CPUs in the same system. 
The CPUs can be any mix of 68000, 
68010, 68020, or 68030. The execu- 
tive supports all features of Tele- 
soft’s TeleGen2 Ada system; Ada 
primitives that have real-time as- 
pects (Rendezvous, Delay, File I/O, 
Text I/O) are handled transparently 
by MTOS-UX. All other features, 
such as event flags, signals, sema- 
phores, memory pools, and vari- 
ables used for coordination and syn- 
chronization, are available as Ada 
packages. You can also integrate 
application tasks that are written 
in languages other than Ada, such 
as C or assembly language. $45,000 
to $115,000. 

Industrial Programming Inc, 
100 Jericho Quadrangle, Jericho, 
NY 117538. Phone (516) 938-6600. 
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DATA-SAMPLING TOOL 


e@ Lets you sample and store 15M 
data points in one stream 
@ Allows sampling at rates as high 
as 100,000 samples/sec 
SNAP-STREAM is a menu-driven 
software package that runs on IBM 
PCs and compatibles and can sam- 
ple, and store to disk, as many as 
15 million data points in one con- 
tinuous stream. The amount of free 
space on the storage device (hard 
disk, RAM-disk, or floppy disk) de- 
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cplatey ith di . kscr 
lock system. NORMS: Conforms to MIL-C-2 
ar ‘2, UL, Fecogniges. 


POSITRONIC _ 
INDUSTRIES, INC. 


432. N. CAMPBELL AVE.- SPRINGFIELD, MO 65806 


TEL. 417-866-2322 — 800-641-4054— TELEX 436445—FAX “178 HIS. 
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KNOW? 


You can obtain 
EDN designer’s guides to 
semicustom integrated 


circuits, CMOS ICs, and 


innovative linear circuits. 


EIDIN 
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LOW COST HI-DE! 


15 through 104 poles 
Sub} Connec tors 


ase MPBELL AVE. - SPRINGFIELD, MO 65806 
a: 417-866-2322 800-641 -4054—TELEX 496445—FAX 417-866-4115 
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LIX!. MICROFOCUS 


THE BEST REAL-TIME 
X-RAY INSPECTION SYSTEM 


Detecting 
solder 
voids and 
solder balls 
under leadles 
carrier ina 
surface 
mount 
device. 


CATCHES DEFECTS 
OTHERS MISS 


LIX! 
LIXI’s greater 


magnification 


Brand “N” 
Brand “N’ 
X-ray system 


and higher does not 
resolution show all the 
images all solder balls. 


the solder balls in 7 this slides mount device: 


Send us a defective sample. We'll send you a picture of - 
the defect as seen ——* LIXI X-ray system. 


Lixi, Inc. agree 
1438 Brook Drive Telex: 6871077 DKROB 

Downers Grove, IL 60515, USA _ Telefax: (312)620-7776 

© 1988 Lixi, Inc. LIXI is a trademark of Lixi, Inc. 
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CAE & SOFTWARE DEVELOPMENT TOOLS 
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termines the upper limit on the 
number of data points acquired. 
Automatic sensing predicts and dis- 
plays the probable disk-throughput 
limit, which depends on the proces- 
sor speed and storage efficiency of 
the disk drive. This limit is maxi- 
mized if the free space is contigu- 
ous; fragmentation caused by de- 
leted files may considerably reduce 


it. If the selected sampling rate ap- 
proaches the predicted maximum, 
the program pretests the actual 
streaming rate to ensure that the 
system will perform satisfactorily 
and to avoid overrun errors and loss 
of data during the run. The package 
includes a disk optimizer utility that 
packs existing files so that all free 
space is contiguous. To run the pro- 


SWITCHING 


SYSTEMS 


AUTOMATIC TEST, 
INSTRUMENTATION, 


COMMUNICATIONS AND CONTROLS 


Assemble the optimum ATE Systems from your choice of 
Instruments interconnected to the UUT with a Switching 
Matrix from CYTEC Corporation, the switching specialists 
offering 25 years of switching experience and an extensive 


range of Switching Products. 


—@ SIGNAL SWITCHING INTEGRITY from DC to 100 MHz, Pico- 
amps to Amp and Microvolts to 1000 volts. 


M@ MATRIX CONTROL from IEEE 488 BUS, RS232 Serial or 16 Bit 
Parallel with Optional Front Panel Controls. 


@ EXPANDABLE SYSTEMS to any size Matrix by adding Switch 


Modules and Expansion Chassis. 


SPECIAL CYTEC FEATURES 

@ LED DISPLAY of Selected Switches on Front Panel. 

M@ STATUS FEEDBACK of Selected Switches to Controller. 
M@ SELF CHECK and DIAGNOSTIC Modes of Operation. 
FIELD PROVEN RELIABILITY and 3 YEAR WARRANTY. 


For TECHNICAL ASSISTANCE call 1-800-346-3117 


a ae 


2555 Baird Road, Penfield, NY 14526 


Y TEC cone. 
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716-381-4740 


gram you need an IBM PC or com- 
patible that has at least 640k bytes 
of RAM, the vendor’s SNAPSHOT 
Storage Scope software, and an 
Analog Devices I/O board in the 
RTI-800/815 or RTI-850/860 series. 
SNAP-STREAM and SNAPSHOT 
together, $840; SNAP-STREAM 
alone for SNAPSHOT users, $445. 
HEM Data Corp, 17336 Twelve 
Mile Rd, Suite 201, Southfield, MI 
48076. Phone (818) 559-5607. 
Circle No 422 


C CROSS-COMPILER 


@ Lets you develop C programs for 

68000-based machines 
© Supports ANSI extensions to the 

C' language 
Two C cross-compiler packages let 
you use an IBM System/370 run- 
ning VM/CMS to develop software 
for target systems that are based 
on the Motorola MC68000 family of 
Ps. Both packages generate code 
that works with 68000, 68008, 
68010, 68020, and 68881 processors. 
The first package lets you develop 
software that will run on embedded 
systems and consists of the optimiz- 
ing cross-compiler, runtime librar- 
ies, command driver, and source- 
level debugger. You’ll need a Mo- 
torola-style assembler/linker pack- 
age to convert the assembly-lan- 
guage output of the compiler to 
executable code. The other package 
is self-contained and lets you de- 
velop C programs for 68000-based 
machines that run under the Unix 
operating system. It consists of the 
cross-compiler, a listing cross-as- 
sembler, a linker, program-support 
utilities, ANSI libraries, and sup- 
port for the Common Object-File 
Format. From $10,000 for the em- 
bedded-system package; from 
$15,000 for the Unix package. 

Whitesmiths Ltd, 59 Power Rd, 
Westford, MA 01886. Phone (800) 
225-1030; in MA, (508) 692-7800. 
FAX 508-692-3561. 

Circle No 423 
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RODUCT MAR 


This advertising is for new and current products. 


Please circle Reader Service number 
for additional information from manufacturers. 


The hantiest scones 
you've ever used. 


The Tek T202 with a traditional oscilloscope 
interface and 1201 with a calculator-like interface 
are loaded! 

e Compact, lightweight, hand- 
held e 20 MS/s sample rate 
with 50 ns resolution 

2 Miz single-shot bandwidth; 
5 MHz for repetitive signals ¢ 
Two channels with independent 
time-bases ¢ Automatic setup, 
digital readouts ¢ Standard bat- 
tery pack and probes e To find 
the Tek distributor in your 


SCHEMA II 
Schematic pets sb 


FREE Demo Disk: 1-800-553-9119 


SCHEMA’s success is the talk of the CAE industry area, Call 
and thousands of satisfied SCHEMA owners know 
why. Incredible speed, ease of use, and power have 1-800-835-9433, Ext 7405 


Tektronix, Inc., Delivery Station 02-048 
P.O. Box 500, Beaverton OR 97075-9959 


Tektronix 


COMMITTED TO EXCELLENCE 


THH-913-8 


made SCHEMA a best-selling schematic capture pro- 
gram for engineering professionals the world over. 
<i ‘\ow, SCHEMA II is available. 
Sz SCHEMA II sells for $495 and sup- 
— ports most common IBM PC/XT/ 
— jk jwx«n AT configurations. Please call today 
for a free SCHEMA II demo disk. as rs 
lotion Control / Vision Systems 


OMATION ASNS ADVANCED MICRO SYSTEMS, INC. 


Hudson, NH 03051-9989 e 1-603-882-1447 ext 426 
In Texas Call (214) 231-5167 


CIRCLE NO 327 
MONOLITHIC CRYSTAL FILTER 
QUARTZ CRYSTALS 


: nus 
ap, 
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CABINETS, ENCLOSURES 


& POWER SUPPLIES 


For any need, Top Quality 
On-Time, On-Budget 
w Complete line of enclosures 
& power supplies for single & dual 
— 312” & 514," floppy disk 
— half & full height hard disk 
w Complete line of power supplies 
to match your needs 
@ Reliability of an industry leader 
w All production done in house 


QUANTITY & DEALER DISCOUNTS AVAILABLE 


# 


@ Processed blanks without base plating 
@ Blanks custom base plated with silver, aluminum, goid or chrome gold 
for clock oscillators and miniature filter applications. 


BLANKS 


PC based PROGRAMMER 
$599.00* 


*modules not included. 


From A Name You Can Trust 
Ask Us 


0 
JMR - pnout Custer! LOGICAL DEVICES, INC. 
y Electronics Ug 1201 N.W. 65th Place, Ft. Lauderdale, FL 33309 


| Inc. 
<sed4 Pawhedic Call (800) 635-5555 1-800-331-7766 (305) 974-0967 
Northridge, CA 91324 In CA (818) 993-4801 Telex 383142 Fax (305) 974-8531 
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To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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SEALED 

CRYSTALS @HC-45 or UM-1 miniature packages from 8MHz to 200MHz 

@Frecision crystals cold-weld or resistance-weld for TCXO and 
FILTER design applications. 


PHONE: (913) 764-4544 @ TELEX: 910-743-0029 
FAX 913-764-6409 


iz CRYSTALS 311 NORTH LINDENWOOD DRIVE / OLATHE, KANSAS 66062 
fe 


UNIVERSAL  E(E)PROM 
PROGRAMMER $495 (Kits from $165) 


@ No personality modules; Menu driven device selection. 
@ Built-in Eraser/Timer option ($50); Conductive foam pad. 
@ Direct technical support; Full 1 year warranty. 
e Stand alone duplication & verify (27XX parts). 
@ Quick pulse algorithm (27256 under 60 sec). 
@ 27xx to 1 Mbit; 25xx; 68xx; CMOS; EEPROMS. 
@ 8741,-2,-4,-8,-8H,-9,-9H,-51,-C51,-52,-55, 9761 & more. 
e@ IBM-PC, Apple, CPM or Unix driver; Autobaud RS232. 
e Offset/split Hex, Binary, Intel & Motorola 8,16,32 bit. 
@ Manual with complete schematics. 
VISA MC AMEX Call today for datasheets !' 


B&C MICROSYSTEMS 


355 WEST OLIVE AVE. SUNNYVALE, CA 94086 | 
PH: (408) 730-5511 FAX: (408) 730-5521 TELEX: 984185 


CIRCLE NO 331 


PC485D 


[RS 485/422 INTERFACE] 


e Meets the EIA RS-485 standard for multipoint bus trans- 
mission and the EIA RS-422A standard. 

e Can be configured as COMI or COM2. 

e Line terminators are jumper selectable. 

e High speed differential drivers allow fast data transfer over 
long cables (over 4,000 ft). Max. Baud rate 56KB/115KB. 

e Tri-state line drivers permit implementation of LANs. 

e Two wire (half duplex) operation. DB9 or phonejack. 

e Sample communication software available. ($50) 


$95 


PC488A $145 


[IEEE-488 INTERFACE] 


e Includes INSTALLABLE DOS DEVICE DRIVERS and soft- 
ware support for BASIC. 

e Optional language support for C, PASCAL, FORTRAN and 
ASSEMBLY - $50. 

e Selectable base I/O address, IRQ and DMA. 

e CONTROLLER / TALKER/ LISTENER capability. 

e Customer support via dedicated 24 hours B&C Micro- 
systems BULLETIN BOARD. 

¢ Compatible with most IEEE-488 Software Packages for the 
IBM-PC (e.g. ASYSTANT GPIB, Lotus Measure, etc.). 

e Hardware compatible with NI’s GPIB-PCIIA. 


PC488B $345 


[IEEE-488 CARD WITH] 
[BUILT-IN BUS ANALYZER] 


¢ GPBASIC package complements IBM/ Microsoft BASIC in- 
terpreter and compiler to create a programming environ- 
ment similar to HP desktop computers. 

e Additional libraries of over 20 high level 488 dedicated func- 
tions for C, Pascal or Fortran available ($50). 

¢ Powerful menu-driven bus analyzer, which can run in the 
foreground or in the background while 488 programs or 
commands are executed, features program stepping, 
break points and real time bus data capture (4k circular 
buffer). 

¢ Instant toggling between foreground and Analyzer screen. 

e Complete Talker/ Listener / Controller capability. 

e Dipswitch selectable Base Address, IRQ, DMA. 


MC/VISA/ AMEX Call today for datasheets! 


B&C MICROSYSTEMS INC. 


355 West Olive Ave., Sunnyvale, CA 94086 
PH: (408)730-5511 FAX: (408)730-5521 TELEX: 984185 
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FREE, 


AFFORDABLE 
ENGINEERING 
SOFTWARE 


joe 1 lee aie PC/MSDOS — Macintosh — CP/M 


LCFIL — $95.00 
LC Fitter Design/Analysis/Synthesis 


LsP — $95.00 


Logic Circuit Design/Simulation 


RIGHTWRITER — °95.00 


Report Proofreader Program. 
Applies 3000 Rules of English 


PDP — $95.00 


Scientific Plotting Program 
for Pen Plotters 


TEKCALC — $95.00 


Programmable Scientific 
Calculator/Statistics/Curve-fitting 


COMCALC— *72.95 


Communications Budget Calculator 
and Spreadsheet Program 


XFER — $95.00 


Transfer Function Analysis 
and Circuit Synthesis 


SPANNER — $95.00 
Integrated Word Processor, HP11C 
Calculator, and Scientific Graphics 


ACNAP — $425.00 
AC Network Analysis, Component 
Libraries, Macros, AUTO Execute 


DCNAP — $95.00 
DC Network Analysis, Component 
Libraries, Macros, AUTO Execute 


SPP — $425.00 


Signal Processing Program 
Macros, AUTO Execute, Windowing 


PLOTPRO — $72.95 


Scientific Graph Printing 


PCPLOT3 — $95.00 


High Resolution Engineering 
Graphics Package 


LOCIPRO — *95.00 
Root Locus Stability Analysis. 
Multiple, Nested Loops 


ACTFIL — $95.00 


Active Filter Design, Analysis, Synthesis 


MicrRo-3—  ‘*425.00 


Design & Analyze Microstrip Circuits, 
Filters, Hybirds, Couplers, Transformers 


BY Engineering @® Ge 
Professional Software (714) 781-0252 
2023 Chicago Ave., Suite B-13, Riverside, CA 92507 US.A., TELEX-3089864 
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MINIATURE TELEVISION CAMERA. 
Clica Inc. presents a full feature high resolution monochrome 
solid state camera, size 2” high, 1.5” wide and 3.75” long. 
You can select manual/auto gain, internal/external sync and 
gamma value. Output for optional auto-iris lens. 610x488 
pixels resolution. Standard RS170 video output. Comes with 
lens and power supply. 1-10 unit price $950. 


Clica Inc. 
288 E. Maple, Suite 102 
Birmingham, Michigan 48011 
(313) 423-1137 
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PORTABLE DISC DRIVE CONNECTOR 


L Series Rack & Panel Connectors provide in excess 
of 100,000 cycles with excellent electrical repeatability. 
The rugged blind matable float design and low insertion 
force contacts provides the performance needed in 
removable disc drives. Crimp and solder style contacts 
for 8, 15, 25 and 50 amp use are available. Meets per- 
formance requirements of MIL-C-28748A. 
HYPERTRONICS CORPORATION 


16 Brent Drive, Hudson, MA 01749 
(508) 568-0451 
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EXPERIENCED TEST EQUIPMENT 
U.S. Instrument Rentals has overstocked equipment for sale. 
We have over 5,000 models of warranted equipment includ- 
ing MDS, analyzers, oscilloscopes, CAE/CAD workstations, 
power sources, meters, controllers, and recorders. Immedi- 
ate delivery and financing available. For a free catalog of 
products and prices write or call 


U.S. INSTRUMENT RENTALS, INC. 
2988 Campus Drive, San Mateo, CA 94403-2563 
(800) 824-2873 
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« Source level debug for PL/M-51 and C-51 
e IBM-PC/XT/AT/386 windowing _ interface 
with EGA 43-line, color, and mouse support 
« Complex Hardware real-time breakpoints 
« Hardware Trace Buffer with filtering control 
« Program performance analysis 
- 8level hardware sequencer, Pass Counters 
e NO PC PLUG-IN Boards 


SIGNUM SYSTEMS 


1820 14th St., Santa Monica, CA. 90404 
(213)450-6096 telex: 362439 
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25MHz 48 CHANNEL PC-BASED 
LOGIC ANALYZER $1595.00 


48 Channels @25MHz x 4K word deep 
16 Trigger words/16 trigger sequence 
Automatic set-up and loading of symbol tables 
Storage and recall of trace data to disk 

65K Pass/Delay Counter _ 

16 Channel Waveform Display 

12 Channels @ 100 MHz Pod Available 
Affordable $1595.00 + Pod Price 

Disassemblers available for: 

8088 68000 8085 6801 8031 
8086 Z80 6502 6303 6809 


NCI 6438 UNIVERSITY DRIVE 
HUNTSVILLE, AL 35806 
(205) 837-6667 
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To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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HIGH DENSITY CIRCULAR PROCESS AND 
MEDICAL EQUIPMENT CONNECTORS 


D Series 7, 9 and 12 contact cable to cable and chassis con- 
nectors provide MIL quality contacts in impact resistant 
polycarbonate housing. Keyed simple push button lock 
minimizes use problems. Solder cup or crimp contacts are 
useable in either housing. 


HYPERTRONICS CORPORATION 
16 Brent Drive, Hudson, MA 10749 
(508) 568-0451 
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SmARTWORK® PCB Software. In a fraction of the time hand 
taping requires, you can create double-sided printed-circuit 
boards with smARTWORK and your IBM PC. The program’s 
features include continual design-rule checking, automatic 
pad shaving, a silkscreen, and text for all three layers. 
smARTWORK with autorouting is $895 (without, $495) and 
comes with a 30-day money-back guarantee. Credit cards ac- 
cepted. Write or call 
Wintek Corporation 
1801 South Street, Lafayette, IN 47904 
(800) 742-6809 or (317) 742-8428 
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FREE CATALOG OF 
ELECTRONIC INSTRUMENTS 


FOR RENT 


3 1988-89 Rental 
im, Catalog is available 
from Genstar 
S Rental Electronics, 
Inc. New equip- 
ment from major 
manufacturers 
include analyzers, 
meters, generators, 
oscilloscopes, 
recorders, and 
more. Rental terms and conditions are 
included as well as toll free numbers 


of the U.S. inventory centers. 
(QL SS FN 5 RE AA RE PRL 


PENAL [SLECTRONICS, INC. 


6307 De Soto Avenue, Ste. J 
Woodland Hills, CA 91367 
(800) 227-8409 
(800) 331-3440 (in CA) 
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INDEPENDENT, DUAL OUTPUT, 
HYBRID CLOCK OSCILLATOR 
This innovative clock oscillator provides two distinct frequen- 
cies from two independent quartz crystals mounted in a 
standard 14 pin metal DIP. Note the following beneficial 

features: 
e Two independent outputs from 4MHz to 60MHz. 
e High speed CMOS output with full TTL compatibility. 
e Saves board space. 
e Can cost less than two single output clock oscillators. 
e Saves purchasing, inventory, and assembly costs. 
Six models are available depending on desired over-all fre- 
quency stability (100ppm to 25ppm) with an operating 
temperature range of 0 to 70°C. 
PLETRONICS INC. 
9026 Roosevelt Way N.E., Seattle, WA 98115 
Phone: (206) 523-9395 FAX (206) 525-2350 
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PRECISION SWITCHES CATALOG 
56 pages: Engineering drawings and specs, 
operating characteristics and ordering 
information, electrical life charts and 
terminology. Photos of vertically integrated 
manufacturing facilities. Write: 


CHERRY 


CHERRY ELECTRICAL PRODUCTS 
3600 Sunset Avenue ® Waukegan, IL 60087 ¢312-360-3500 
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LOWEST PRICED AND BEST VALUE NETWORK ANALYSIS 
PROGRAM AVAILABLE ANYWHERE 

Ithas been said that the Etron RF Notes 4 Network Analysis design 
aid computer program for the IBM PC and MS DOS machines is 
the best value in Network Analysis programs available today. 
PRICED AT ONLY $179.00, this power packed program allows you 
to design, analyze, save and retrieve circuits with up to 30 ele- 
ments. Data output is presented in tabular and graphical form and 
includes Freq, IL, VSWR, Rho, real and imaginary Z and more. 
Circuits designed with the other Etron RF Notes series of programs 
can be retrieved, analyzed and modified. 


Etron programs are no longer copy protected. Write or call for 
FREE information. CGA is required. 


EXTRONn 


P.O. Box 4042, Diamond Bar, CA 91765 
714-594-8741 
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The Best 


Programming Site 
Money Can Buy. 


BYTEK’s 135 GANG and SET (E)EPROM Multipro- 
grammer™ with optional Universal Device support 
capabilities, makes obsolescence obsolete. It sup- 
ports more Devices than any other production pro- 
grammer (virtually all (E)EPROMs up to 32-pin). It 
has options to program 40-pin EPROMs, Program- 
mable Logic Devices, 40-pin MICROs and Bipolar 
PROMs. On board memory is expandable to 2 Mega- 
Byte. The 135 comes with 12 Months FREE updates 
plus an 18 Month Warranty. And, 4 operating modes 
plus Data I/O* protocol compatibility mean un- 
matched flexibility. 


Prices from $995.00 (U.S.) 


BYTEK, the leader in low cost/high 
performance technology. CALL NOW! 


800-523-1565 


In FL: (407) 994-3520 
FAX: (407) 994-3615 TELEX: 4998369 BYTEK 


BYTEK Corporation, Instruments Systems Division 
508 NorthWest 77th Street 
Boca Raton, FL 33487 


“DATA I/O is a registered Trademark of DATA I/O Corporation. 
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TODD’S NEW SWITCHING POWER SUPPLY CATALOG 


28 page catalog details new switchers. Includes specs per- 
formance information, mechanicals, pinout and mounting 
diagrams, application information and prices for almost 100 
standard models multi-output for 160W-750 Watts; single 
output from 5V @ 20A to 48V @ 20A; single & multi-output 
DC-DC switchers. 

Todd Products Corp. 

50 Emjay Blvd., Brentwood, NY, 11717 
1-800-223-TODD; 516-231-3366 

FAX 516-231-3473; TWX 510227-4905 
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Analog Circuit Simulation 
Scsil NEW |S_SPICE/386 On 386 PC's, $386 


Analyzer Outperforms 

Emulator Workstations 
Increases Speed 

~POWERFUL by 200 - 600% 


-EASY TO USE 
-AFFORDABLE 


KADAK's 
engineers bring years 
of practical real-time experience 
to over 600 installations world-wide. 


This real time 
MULTITASKING KERNEL 


simplifies real life 
product development 


Circuit Size 
nearly Unlimited 


Supports 287, 387, 
Weitek 1167/3167 


IS SPICE runs on all 80x86 PC's for only $95.00: 
Performs Complete AC, DC, and Transient Analyses. 


SPICE_NET, $295: Schematic Entry for any SPICE 


e i . j 
simulator. Automatically makes a Complete SPICE ® Pil ces code included : ac 
netlist. Easy to use Menu Drive program included. = * C interface ® * Event Manager 

@ Preemptive scheduler @ * Semaphore Manager 
PRE_SPICE, $200: Monte Carlo Analysis, Parameter = ntertask messages @ * Resource Manager 
Sweeping and evaluation. Extensive Model Libraries. = Terminal Handler @ * Buffer Manager 


Intu_Scope, $250: A graphics Post Processor that 
works like a digital oscilloscope. Easy to use with the 
most comprehensive set of waveform operations 


available. Please Write or Call 


AMX 68000 operates on any 68000/10/20 system 
Manual only ssus_ 4B KADAK Products Ltd. 


AMX 68000 $1600 US 
206 - 1847 W. Broadway 


* Options — ask for price list. 
Vancouver, B.C. Canada V6J 1Y5 
Telex: 04-55670 


(Shipping/handling extra) 


= A P.O. Box 6607 (21 3) 833-071 0 Also available for 8080, Z80, Fax: (604) 734-8114 
Cy Ped A 30DayM 8086/ 186/286. Telephone: (604) 734-2796 
intusoft San Pedro, C ay Money 


90734-6607 Back Guarantee 
CIRCLE NO 350 
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solenoid Valve 
Engineering Catalog 


87C51 PROGRAMMER $125 


The UPA87C51 converts general purpose program- 
mers to 8751/87C51 programmers. Select 2732A on 


Cutler-Hammer 


your programmer, plug in the UPA, and you have an rn i 
8751/87C51 programmer. With the UPA87C51 you subminiature PC switches. 
can also program the 8751 and 87C51 security bits The hidden performers 


and the 87C51 encryption array. It’s very simple and 
VERY cost effective. 

Price $125.00 including UPS ground shipping. 
Adapters are also available for the 63701V0O, 
63705V0 and 8751 and are priced at $65.-$95. 


Logical Systems Corp. 


PO Box 6184 Syracuse NY 13217-6184 USA 
(315) 478-0722 Telex 6725617 LOGS 
FAX (315) 475-8460 


CIRCLE NO 753 


Inside the unit or on the front panel, this unique line of 
toggles, rockers and pushbuttons is the designers 
choice for long life and high reliability. Designed 
specifically for printed circuit board mounting and 
wave soldering, this line of switches features a simple 
two-piece mechanism for extra long mechanical life. A 
variety of terminal lengths and configurations is also 
available. 

Eaton Corporation, Aerospace/Commercial Controls 
Division, 4201 N. 27th St., Milwaukee, WI 53216. 


E-TeN 
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Send for the latest 40-page Solenoid Valve catalog from 
Deltrol * Packed with useful information on full range of 2 & 
3-way solenoid valves for most liquids and gases « Direct 
acting normally open and normally closed models with 
plastic-molded coils, brass or stainless bodies. 


2745 5, 19th St. 
DELIFROL Milwaukee, WI 53215 


Phone 414/671-6800 
controls / @ Phone Telex 2-6871 


DIVISION OF DELTROL CORP. 
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é , 4 IBM COMPATIBLE RS232/488 
Taiwan Samarium us TRU Ost PEARGES. 3% x5%" FLOPPY DATA STORAGE 
Cobalt Mag nets ; & TRANSFER SYSTEM 


PMI now offers RARE-EARTH COBALT 
MAGNETS, the SmCo5 and the 
Sm2Co17. In addition to our wide 
selection of high energy products, PMI 
offers perfect performance and the 
most competitive price to meet all your 
requirements. 


PMI CAN HANDLE ALL YOUR OEM REQUIREMENTS. 


4331 


terminal 


PLCC 


SIMM is a Trade Mark 
of Wang’s 
Edge Card Laborotories. 


Connector 
SIMM Socket 


1. SIMM Socket (Special disign) -Signle Row & 
Double Rows (Vertical & Angle) All can be stacked. 

_ PLCC Socket -28p. 32p. 44p. 52p. 68p. 84p 

. Edge Card Connector; -6p. 36p. 50p. 60p. 62p.80p. 
86p. 98p. 100p. 104p. 

. LC Socket -8p. 14p. 16p. 18p. 20p. 24p. 28p. 40p. 
34p (16p & 18p can be changeable)-4 Rows 

. Shunts (Mini Jumpers) -Open entry, close entry. 

. pin Headers: 2p-40p (Single Row or Double Rows 

Straight or right Angle) 


Information Transfer to/from Non IBM Compatible Systems to/from 
IBM & Compatibles: (Over RS-232 or 488 Interface). 

e Reads & Writes MS DOS Disks 

¢ RS-232/488 I/O 

e Rugged Portable Package/battery option 

¢ ASCII or Full Binary Operation 

e Baud Rate 110 to 38.4K Baud 

e 360K/720K RAM Cartridge Option 

e Price $895 in Singles—OEM Qtys. $495. 


RESIDUAL FLUX kG 7.8~9.0 8.0~9.0 | 9.4~10.4 | 10.2~11.0] 105-115 
DENSITY Bey 0.78~0.90 | 0.80~0.90 | 0.94~1.04 | 1.02~1,10 | 1.05~1.15 
ie ROP 7.0~9.0 7.8~9.0 5.0~6.5 5.0~6.5 6.0~9.0 
COERCIVE BHC kAim 550~720 | 620~720 | 390-520 | 390~520 | 470~720 
FORCE kOe 210.0 215 26.5 26.5 =75 
tHe Alm =800 > 1200 =440 >440 >600 
MAXIMUM MGOe 15~19 16~19 19~24 22~27 25~31 
ENERGY (8-H) max jjm3 119~151 127~151 | 151~191 175~215 | 200~247 


POWER MAGNET INDUSTRY CO., LTD. 


an aaa wh 


OFFICE: FACTORY: 
9TH FL., PRINCE BUILDING NO. 18, SHIH WEI ROAD TTC Shih Hsin Precisi 28 other systems with storage from 100K to 42 megabytes. 
me sono Leah ag Dera a ee ae 
j , R.0.C. ; Address: No. 234 JUN SHINN STREET, SHU-LIN ANALOG & DIGITAL PERIPHERALS, INC 
TEL: (02) 562-8333 (5 LINES) TAIWAN, R.O.C. gag bbe 
FAX: 962-562-4009 . ___ TOWN, TAIPEI, TAIWAN, R.O.C. EXD L P|] 221 Soutr MutberySt. Troy, Ohio 45375 
TLX: 16196 YSFANG TEL: 886-2-6894655, 6894656 P.O. Box 499 TWX 810/450-2685 
TELEX: 33210 TTCCO FAX: 886-2-6894657 513/339-2241 FAX 513/339-0070 
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$2295 
RETAIL 


516950 


INTRODUCTORY 
OFFER 


¢ Model PC 3600 

© Repeatability .001” 

¢ Speed at 7” Per Second 

e Vacuum Paper Hold Down 


¢ High Resolution Circles: Suitable for 
PCB Artwork 


(415) 490-8380 ZERICON 


STEVENSON BUSINESS PARK 
BOX 1669 © FREMONT, CA 94538 


CIRCLE NO 758 
Ww 


APPLICATIONS FEATURES 

¢ Precision noise testing * 15 kHz to 430 MHz +1 dB 

* Wideband communications + New design technique 
system assessments eliminates aging problems 

* RF gain and bandwidth tests +» Low deviation from ideal 

* Receiver noise figure gaussian shape 
measurements ¢ 50Q output impedance 

¢ Intermodulation tests ¢ 24 Pin Hermetic Package 

Module: $149, Evaluation Kit: $169 


CALNET ELECTRONICS INC. 
P.O. Box 13113 
Kanata, Ont. 
K2ZK 1X3 


Ph: (613) 831-0424 
Fax: (613) 831-1936 
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EASY TOLEARN - EASY TO USE 


¢ Edit and compile while debugging in the IBM, PC/AT/XT 

e Access, display and modify variables with zero speed 
impact on 8096/196 microcontrollers. 

¢ Symbolic debugging with ASM96, PL/M96 & C96 

¢ Multiple hardware breakpoints. 


Micro Systems, Inc. 


612 Third St., Annapolis, Maryland 21403 


(301) 296-8096 
CIRCLE NO 764 


MOUSE-TRAK 


The Stationary Alternative 
For Precision and Comfort! 


This new space saving input device emulates both Microsoft and Mouse Systems 
RS-232 mice. With MOUSE-TRAK you can watch your screen and not your mouse 
running off your desk. 
With a single connection to your computer, no power supply or mouse pad is 
necessary. 
MOUSE-TRAKs ergonomic design with soft wrist pad puts complete control of 
cursor and input at your fingertips. 
Special features include speed control, allowing the user to toggle the resolution with 
a 4:1 ratio. User definable input keys offers added versatility and comfort. 
Pricing - $139.00 - $179.00 
For further information: 
ITAC SYSTEMS, INC. 
3121 Benton Drive, Garland, Texas 75042 U.S.A. 


1-800-533-4822 Fax 214-494-4159 
CIRCLE NO 759 


500 piece price, model MCLA5 (shown) 


6800 MPU, serial 1/O, parallel 1/0, RAM, EPROM, 
44-pin 4.5" « 6.5” PCB ee 

EXPANSION MODULES: RAM, EPROM, CMOS RAM/ 
battery, analog I/O, serial |/O, parallel |/O, counter/ 
timer, IEEE-488, EPROM programmer, floppy disks, 
cassette, breadboard, keyboard/display. 


Wintek: Corp: 
Lafayette; IN-47904 
347-742-8426 


(800) 742-6809 
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ANALOG I/O and DSP 


ideal for PC based 


Measuremenv/Test, Control, 
Acoustics, and Signal Processing 


PC-DMA12 +12-bit A/D & D/A with I/O to 100KHz, dual- 
channel DMA logics for concurrent analog 
/O operation,programmable H/W timer for 
zero timing jitter, I/O filters, programmable 
gain and offset amplifier, 16-channel auto- 
scan multiplexer, 8-bit digital /O. $1250. 

PC-DMA16 « Features compatible to PC-DMA12, with 
16-bit A/D and dual 16-bit D/A. $1650. 

PC-DSP22 + Floating point DSP board for PC, for high 
speed DSP of PC-DMA analog signals. 

PC-MHZ12 « 12-bit analog I/O to mega Hertz sample 
rate, 64K sample onboard storage and 
programmable timer for arbitrary function 
generator capability. 


CANETICS offers complete software support and H/W 
accessories for the above board level products, inclu- 

ding data analysis package, Sample-Edit S/W for hard 
disk recording, playback, scan, etc. , high speed digital 
I/O interface board, external multiplexer for up to 256 

channels, preamplifiers,etc. 

CANETICS offers real-time Work Station Instruments 
for multi-channel acoustics Spectrum Analyzer, Auto- 

matic Tester, and Digital Signal Processor. 


CANETICS, Inc. 


P O Box 70549, Pasadena, CA 91107 
TEL (818)584-0438 , FAX (818)584-0439 


CIRCLE NO 765 


‘ 


Our Multitasking Industrial Basic runs as fast as BASICA on 
the IBM PC/ATI. It can also handle interrupts, frequency 
inputs, bit manipulation, datalogging and more. The hard- 
ware includes 4 channels of Analog with 12-bit resolution, 
32 digital 1/0 lines, battery-backed calendar clock, keypad and 
display ports. 2 RS-232C serial ports, 96K RAM, EPROM and 
EEPROM programmers, autorun mode, low power CMOS 
circuitry, 8 MHz Z80 CPU. Only 4.5”x8”. Stand-alone or 
expandable. Low cost optional software turns your IBM PC 
into a program development workstation. FREE CATALOG 
describes other models and accessories. Call 303-426-8540 
for same day response. 


OCTAGON SYSTEMS 6510 W. 91st Ave. 
CORPORATION Westminster, CO 80030 
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Flow 
Charting II+ 


The New Plus 
for Fast 
m= Flowcharting 

" FLOW CHARTING 


is new! It's now 

Flow Charting II+, with more speed 
+ more functions + more printing options; 

* 10 text fonts; 26 shapes; * Line mode can stop 
at a shape; * Backspace key can erase a line to 
its origin; * Free text entry anywhere, or select auto- 
centering; * Vertical or horizontal printing; one 
chart or multiple charts. 

Used by Fairchild, Bechtel and more than 
500 other major corporations. Edit quickly 
and accurately — even major edits — with 
Flow Charting II+-, the Specialist. 

See your retail store or call: 


PATTON & PATTON 


Software Corporation 


1-800-525-0082, Outside California 
408-629-5376, California/International 
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WIDEBAND : 
INSTRUMENTATION . 
RECORDER/REPRODUCERS 

CATALOG 


Airborne, shipboard and laboratory 
magnetic tape and disc recording/stor- 
age/reproducing systems for military 
and industrial applications are described 
in anew comprehensive catalog. For a 
free copy contact: 


Precision Echo, Inc. 
3105 Patrick Henry Drive, Santa Clara, CA 95054 
408/988-0516 


“Where unique data recording/storage solutions are expected.” 
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EPROM PROGRAMMER 


BS bed sSuperCAD 


Schematic entry 
J PER oy | ee Software 
Se ey IN : b : ee for the IBM®PC & 
ERR LELOLIR PROG O MIEN } : : Compatibles 
PEC a oan erage LUPE ors RS ONLY 


‘QQ 00 


COMPLETE PACKAGE 


Bi EPROM PRIDE APAMER 


% Easy-to-use schematic entry program for circuit 
diagrams, visible on-screen and pulldown menus 


* Supports popular graphic standards, mouse and printers 


* Powerful editing and drawing commands, including 
automatic drawing of digital busses 


* Extensive digital, analog and discrete part libraries 


* In-depth, readable instruction manual has many 
examples and illustrations 


* Software includes part building, netlisting and 


THE EP-1’s A GREAT VALUE & HERE’S WHY: 


e READS, PROGRAMS, COPIES OVER 300 EPROMS AND EEPROMS 
FROM 29 MANUFACTURERS INCLUDING 2716-27513, 2804-28256, 27011 
e READS & WRITES INTEL, MOTOROLA, STRAIGHT HEX AND BINARY 
e OPTIONAL HEADS PROGRAM INTEL 874X, 8751, 87C51, 8755 
e MENU-DRIVEN CHIP SELECTION BY MFG & P/N; NO MODULES 
¢ FAST, SLOW, QUICK PULSE PROGRAMMING ALGORITHMS 
e SPLITS FILES BY BASE ADDRESS AND ODD/EVEN (16832 BIT) 
¢ ALL INTELLIGENCE IN UNIT; Z80 MICROPROCESSOR BASED 
e 5, 12.5, 21, 25 VOLT PROGRAMMING FOR CMOS AND -A SUFFIX PARTS 


EPROM DUPLICATOR WITH RS-232 
The Model 98 has stand alone program, verify for N- 
MOS and C-MOS 2716, 2732, 2732A/B, 2764/A, 
27128/A, 27256, and 27512 ERPROMs and 2816A, 


10681 HADDINGTON #190 HOUSTON, TX 77043 
CIRCLE NO 767 


e FREE PC-DOS SOFTWARE RS232 TO ANY COMPUTER al ” ASCII editor 
* GOLD TEXTOOL ZIF SOCKET ¢ 8 BAUD RATES TO 38,400 2864A EEPROMS. Silicon identifiers are supported Writ Hi ie dome duke 
= SAME DAY SHPHENT + GENERATES, CHECKS CHECKSUMS | for Intel, AMD, and Tl EPROMs. Software driver for NE sidan tino ot COE 
* MONEY-BACK GUARANTEE _ e UV ERASERS FROM $34.95 hee hae tied eae includes: be oar oie “ iy MENTAL AUTOMATION we. GE 
CALL TODAY FOR MORE INFORMATION cnecKksum, spilt-byte, Conversion of intel, Votoroia ORDERS/INFORMATION: 2 
BPO dean $19 to HEX, and full screen HEX editor. $650. Stock. Send nore money orders to: 
° A 1 9, E.. 
MICROSYSTEMS Optimal Technology Mies Waseem cran'tag esial 
800/225-2102 713/461-9430 TELEX 1561477 Earlysville, VA 22936 Visa/MasterCard orders accepted! 
804-973-5482 Dealer inquiries welcomed. 
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Join Forces 
¢ / Wi. : Combine your 
, ed larger ads with 
5W to s0W DeIDC Eanvatior EDN Product Mart ads 


© Compact size, low ripple & noise 780.000™ AT-BUS SBC (ATZ80K) f 
© 1/0 isolation, min. , aa! or a total 
; Shopoidualipllqied cutpet Zilog's new Z320™ 32-bit pipelined CPU/MMU/CACHE unit marketing proarart 


is the heart of this PC-/AT™ coprocessor, passive-back- 
plane master, or stand-alone SBC. Get 2 to 5 MIPS per- 
formance at1o MHzwith 1M or 4M 32-bit burst-mode no- 
wait-state RAM, 4 32-pin EPROM/EEPROM sockets for up to 
512K 32-bit burst-mode no-wait-sate non-volatile storage, 
2 RS-232 ports, 24 1/0 lines, 3 16-bit counter/timers, an 8-bit 
DIP switch, and an SBX connector. Debugger, assembler, 
and C available. 

Call or write for more information. 

Single Board Solutions, Inc. 
20045 Stevens Creek Blvd., Cupertino, CA 95014 
(408) 253-0250 


Z80,000 & Z320 are trademarks of Zilog 
PC-AT is a trademark of IBM 
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© High Eff. up to 85% 
© Excellent output regulation 
© Qver current & short current protection 


Portable Computer Power Supply 

© Compact size 

¢ Universal input from 90-260 VAC continue 

e AC/DC, DC/DC, battery charge, all in one 

e Application for LCD/Plasma/EL portable computer 


SPECIAL DESIGN ORDERS ARE WELCOME!! 


KENSMAR INTERNATIONAL ENTERPRISE CO., LTD. 
7Fl-1, No. 160, Sec. 5, Nan-King E. Rd., Taipei, Taiwan, ROC 


Tel: (02)7636651 (REP) P.0.Box 67-822 
Tlx: 29805 KENSMAR _ Fax: 886-2-7678763 
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IEEE-488 


chic and ACCESSORIES 


The most comprehensive line of unique & 
much needed accessory items. 


e Extenders & Reversers J ek Sine Mec. 
@ Bulkhead Feed-Thru Adaptors i gla a DATA SMOOTHED WITH 
=| @ Metal Receptacle Covers | ye §STR«832 “ry LOW PASS FILTER 
@ 90° Connector Adaptors pag dy ae Pkt aad 

@ 4&8 Pos. Multitap Adaptors 
@ 2 & 4 Pos. GPIB Switch Boxes 


EDN Product Mart 
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LALA TREE, WALT Fast and easy 


100 MHz Waveform Data A cquisition — 
Digitizer oa ee 


STR*8100 — 


STR*825 


Make L-COM your single source 
of supply for al IEEE-488 inter- 
connection product needs. 


Menu-driven software 
package for your PC 


The fastest ADE ‘iescreke for 
your data acquisition needs. 
@ transient rates of 25, 32, and 100 MHz at 8 bits 


<"\_| shields meet or exceed IEEE-488 stringent 


: shielding rhe ci bene design offers @ time equivalent sampling rates up to 800 MHz JUNIOR - $1 25 
oe kas oye oa ite ® bus interface allows 1.5 MHz throughput rates Take, store, retrieve, print data - perfect for Design 
cael @ many trigger modes; 64K memory per channel Engineers 


convinced of our superior features and 
4 Quality. Ask for L-COM’s premium CiB24 
1 Series with cast metal connectors. Stan- 
| dard molded types are also available. 


Call: 800 343-1455 ‘ SOQONO TEK 
DATA PRODUCTS 8700 Morrissette Drive, Springfield, Virginia 22152 


N. ANDOVER. MA 01845 703-440-0222 @ Telex 910-250-5257 @ Fax 703-440-9512 


@ XT, AT & 386 compatible; prices from $1750 
@ free drivers and digital oscilloscope software 
@ perfect for radar, ultrasound, ATE, robotics .. . 


LEVEL 2+ - $549 
Data acquisition plus: experiment control, data analysis. 
The complete package. 


FREE Demo Disk. Money-back guarantee 

Unkel Software in. Ne 
62 Bridge St. Lexington, MA02173 (617) 861-0181 
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7 ° Noobin Sines card 


) QUA TECH 


INCORPORATED 


_ Leaders in Peripheral Technology 


‘of extended/e: panded memory. 


ware library and memory manager. 
e * High speed DMA. Risk free guarantee. 


- Capital Equipment Corp. 
99 igor. Bedford St. 


High Performance Data Acquisition Card (Model 718) 


- emulation of many traditional instruments like digital oscilloscope, X-Y recorder, 
strip chart recorder, datalogger, programmable controller, etc. Functions include: 
A/D converter (16 single-ended or 8 differential input channel, 12 bit resolution, 60.000 
samples/sec, various input range), D/A converter (2D/A channels), Digital 1/0 (16 
input & output channels. TTL compatible level), Counter/Timer (Intel 8254, 16 bit 
a counter). (Metrabyte SMW compatible, optional'100,000 samples/sec. ) 


Other Lab Cards are available. 

12 bit Multi-Lab (Model 712); A/D, D/A, DIO, Counter 

14 bit Super-Lab (Model 714); A/D, D/A, DIO, Counter 

Prototype Development Card (Model 750); 3290 holes, 
_ built-in basic circuit, independent memory. I/O jumper 

IEEE-488 Interface Card (GPIB) (Model 748) 
On board RAM working space, BASICA & BASIC supported. Powerful 
easy-to use software command set. C & Pascal optional. 

We also have Digital |/O0 & Counter Card, Relay Actuator & Isolated D/I Card, RS-422 


Card, Stepping Motor Controller Card, XT/AT Slot Extension kits, AMP/MUX Board, 


and more and more. 
Call us for details and turn-key application S/W package works with 


_ above data acquisition cards. (TEL) 408-727-6995 
(Technical) - 


473 SAPENA CT. #24 1-800-541-1975 
SANTA oe CA 95054 XEL T E K (Orders only, outside CA) 
— VISAORMIC (FAX) 408-727-6996 ° 
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TOLL FREE: 1-800-553-1 170 
478E rer St. AxrOn, Ohio 44304 


to life, pie and 
affordably. 


Start-to-finish design tools include: 
Tango-Schematic With mes 


~ Tango-PCB | mil Gric 


Tango-Route Autoroutes +8 
Tango-Tools 8 Money-saving 


Let's discuss your de ent 
function Evaluation Pkg, ju 


800 433-786 JT Satisfaction guaranteed. 


ACCEL Technologies, 7358 Trade St, San Diego, CA 92121 
oo 780 


Macintodh Il, SE, Plus 


i tedcabeelna Assembler$299. 00 


includes editor and universal "cross-assembler with 
instruction tables and example te a for ALL . 
the following MPU’s, MCU’s, and D 


FE Ee ee 


am | intel hex, Motorola-S records, and straight binary 
output compatible with most EPROM programmers and 
in-circuit emulators. 


Available for MS-DOS systems and the ATARI ST series. 
+ Inquire about our MEMULATOR In-Circuit EPROM Emulators. 


M EM )COM o retin ove 
arrollton, Texas 75006 

DEVELOPMENT __ (214) 466-9906 

| OO L §S : 
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eee 


e ilove card 
insertion and 
extraction with- | 
out power on/ — 


' off Feycles 


signals to and from the comput 
e Patent pening - 


DPROM 
RS232 Downloadable PROM. 


2 u 75° 32K x 3 


“¢ Eprom emulator for 2716 — 27512. 


e Supports 8, 16, or 32 bit 
. Non-Volatile eno St 


$97500 
Grantee Controller with RS-232 Interface 7 


VectorScan 51 2/640 


e Drives CC 

e Resolution 

e 4 Bits/Pixel up to 
intains 4 s thi eee 

te frame buffer 


Applied Data Systems can customize 
a product to your specifications. 
30 DAY NO RISK EVALUATION 
APPLIED DATA SYSTEMS 
409A East Preston Street 
Baltimore, MD USA 21202 __ 
For more information call 800-541-2003 
Outside USA (301) 576-0335 _ 
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Feed this to your PC 
and it'll think its an 
HP BASIC workstation. 


Finally there's a way for serious technica 


computer users to get the power and features of 
HP BASIC ona PC. The answer is HTBasic, a rea 
engineering BASIC that turns your PC into an 
HP 9000 series 200/300 BASIC workstation — 
at a fraction of the cost. 

Like HP’s Rocky Mountain 
BASIC, HTBasic from 
TransEra is a state-of-the-art 


BASIC that gives you all the capa- 

bilities you need for complex 

engineering applications. Plus you get 

important advanced features you wont find 

with any other PC BASIC. Like the complete set of 

HP graphic commands. Integrated HPIB (GPIB) 

syntax for intelligent instrument control. The 

advanced I/O Path System. And built-in matrix math. 

In fact, all the optional HP binaries are built in. There's nothing 

se to load. You even get the full screen program editing and 

debugging environment. 
Discover the new solution 

for cost-effective technical work- 


stations. HTBasic from TransEra. 9 . 8 =e | 
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WARNING! READ MANUAL BEFORE USE. 


POWER 


10A —— mA —;- COM——¥Q 
Sis ; PERK HOLD 


} 


A a8 HPQ 


REL 


‘oo 
own «EATER 


THE SIMPSON 560 MENU DRIVEN MULTIMETER. 


SOMETHING NEW ON 


From microvolt transducer meas- 
urements to high voltage work, 
Simpson’s new Professional 
Series Model 560 Digital Multi- 
meter is designed to quickly give 
the answers you need—without 
elaborate signal conditioning. 


Diagnostic functions such as 
MIN/MAX Hold and Peak Hold 
let you find and display transient 
amplitudes, while the bar graph 
continues to monitor the incom- 
ing signal. Programmable data 
logging on any range or function 
and a built-in 500 KHz frequency 


Simpson Professional Series 
products are made in USA. 


WANING 


RATOR R MRAMUAL REFURE 


counter, further expand the 
acquisition Capabilities of the 
Simpson 560. 


What’s more, it’s now possible 

to speed up routine tests—saving 
only the measurements of inter- 
est—because the 560 offers real- 


HE MENU. 


time comparison to stored test 
limits. Permanent records of the 
captured data can be generated 
by computers or printers connect- 
ed to the optional interfaces 
(Centronics, RS-232 or IEEE-488). 
Displayed menus make it quick 
and easy to set the measure- 
ment parameters. And ultra-fast 
autoranging inputs instantly 
calculate the proper scale. 


Order from our menu. The 

Simpson 560 Menu Driven 

DMM. You'll agree that It’s 
done quite tastefully. 


Simpson Electric Company 853 Dundee Ave., Elgin, Illinois 60120-3090 312/697-2260 FAX: 312/697-2272 
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NOTHING THIS FAST EVER LOOKED SO GOOD 


Looking for a line thermal printer that’s fast 
and provides the highest resolution available? 
Take a good look at the LTP Series from Seiko 
Instruments. 

They're fast, printing from 200 to 400 
characters per second. That makes them perfect 
for applications such as medical instrumentation, 
point-of-sale systems, and test and measure- 
ment equipment. 

The LTP Series produces near- 
photographic print quality with 3 to 8 
dots per millimeter, so you can use 
them for high-resolution graphics 
and video printouts. We have dedi- #7 
cated interfaces for these printers 
with parallel, serial, and NTSC 
Composite Video input 
formats available. 

But, that’s not all. Seiko 
Instruments line thermal 
printers are renowned for 


their quiet-as-a-feather operation. Since the 
entire LIP Series is small and compact, requir- 
ing less power than the competition, they’re 
ideal for mobile applications, and fit easily into 
your most space-saving designs. 

Finally, Seiko Instruments has a well-earned 
reputation for building in quality. With only one 
moving part, the platen, these printers have the 
highest reliability of any line thermal 
printers. 

We can make you look good with 
your next test, measurement or com- 

munications equipment design. Call 
Seiko Instruments today at (213) 517- 

7770, and ask about the line 

thermal printers that are fast, 

easy to read, quiet and 
affordable. 


Seiko Instruments, USA, Inc. 
Electronic Components Division 
2990 West Lomita Blvd. 

Torrance, CA 90505 

(213) 517-7770 FAX (213) 517-7792 


Seiko Instruments 


Visit us at WESCON—Booth #s 1521, 1523, 1525 
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IEEE announces 
advanced 488 standards 


Digital Interface for Programmable 
Instrumentation (ANSI/IEEE Std 
488.1) and IEEE Std 488.2 Stan- 
dard Codes, Formats, Protocols, 
and Common Commands for Use 
with ANSI/IEEE Std 488.1-1987 
(ANSI/IEEE Std 488.2) offer 
higher productivity, improved test 
quality, reduced costs, and more 
flexible performance and configura- 
tion of the test system. The first 
document updates the 1978 IEEE- 
488 Standard, specifying the basic 
communications link between as 
many as 14 devices and a controller, 
such as a personal computer. The 
other publication covers the syntax 
and protocols of messages sent be- 
tween the devices and the control- 
ler in an JEEE-488 bus system and 
explains how to handle status, error 
reporting, and high-level program- 
ming. ANSI/IEEE Std 488.1, non- 
members, $30; members, $21. 
ANSI/IEEE Std 488.2, nonmem- 
bers, $52; members, $36.40. 

The Institute of Electrical and 
Electronics Engineers Inc, Stan- 
dards Office, 345 E 47th St, New 
York, NY 10017. 

INQUIRE DIRECT 


Sampling analog data 

at a 2G-sample/sec rate 

The vendor’s Product Note HP 
54111D-1 explains how to sample 
analog data at a rate of 2G samples/ 
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sec, using the HP 54111D digitizing 
oscilloscope. After introducing the 
device in a general description, the 
note describes how to implement 
the HP 54111D, using Basic soft- 
ware. A section on theoretical per- 
formance goes on to explore what 
level of performance can be ex- 
pected from interleaving two chan- 
nels. The publication concludes with 
a description of the typical perform- 
ance you can expect when you use 

this instrument. 
Hewlett-Packard, 19310 Pru- 
neridge Ave, Cupertino, CA 95014. 
Circle No 426 


Note documents data 
acquisition/control system 


In addition to providing program- 
ming examples, Product Note 3852- 
3 describes how the multitasking 
features of the HP 3852A data ac- 
quisition/control system let you 
space time-critical decisions in rela- 


tion to the application. It explains 
how you can prioritize, download, 
and run tasks independently under 
four different conditions. The note 
examines each of these conditions 
and gives examples of how you can 

implement the programs. 
Hewlett-Packard Co, 19310 Pru- 
neridge Ave, Cupertino, CA 95014. 
| Circle No 427 
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We put our filters and 
delay lines to the test. 


How can you be sure each 
filter or delay line you order 
from us is made exactly to 
specifications? Because we test 
each and every one to make 
sure it is within the physical 
and electrical parameters 
specified. Better yet, you 

pay nothing either in time 

or money for this extra 
“insurance”. Our prices are 
competitive and our delivery is 
the fastest in the industry. 


To get our Delay Line and/or 
Filter catalog, call or write 
today. If you need help with a 
specific application, call 
916-248-8080 to talk with one 
of our engineers. 


INC 


ineola, NY 11501 


224 East Second Street, M 
516-248-8080 - FAX 516-747-5481 
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Only With System Friendly 


Up to 16 channels, Just one of hundreds of programmable hardware 
100 Hz to 1 MHz. building block configurations possible with our oper- 
HP LP TD. ating system. Just one of hundreds of exclusive 
80 dB/octave. possibilities that make Precision 6000 truly System 


Friendly now and easy to update in the future. Call 


I’ phase match. (697) 277.3550 for brochure. Orwrite. 
Pre and post gain. . 


Differential input. 
Calibration input. 
Output monitor. 


Allin 7” 
mainframe. 


PRECISION FILTERS, INC. 


240 Cherry Street, Ithaca, New York 14850 
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EDN is distributed 


| at every major | 
electronics/computer show in the 
U.S., France, and Germany. 
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INTROL 


CROSS 


DEVELOPMENT 


SYSTEMS 


SAVE Development 
and Debugging Time 
of Embedded 
Microprocessor Systems! 


e INTROL-C Cross-Compilers 

e INTROL-Modula-2 Cross- 
Compilers 

e INTROL Relocating Macro 
Cross-Assemblers 


COMPILER PACKAGES INCLUDE: 
Compiler « Assembler « Linker 
¢ Runtime library, including 
a multi-tasking executive « 
Support utilities * Full year's 
maintenance 


TARGETS SUPPORTED: 
6301/03 + 6801/03 * 6809 » 
68HC11 * 68000/08/10/12 « 
68020/030/881/851 * 32000/ 
32/81/82 


AVAILABLE FOR FOLLOWING 
HOSTS: VAX and MicroVAX; 
Apollo; SUN; Hewlett-Packard; 
Macintosh; Gould Power- 
Node; IBM-PC, XT, AT, and 
compatibles 


INTROL CROSS-DEVELOPMENT 
SYSTEMS are proven, accepted 
and will save you time, money, 
and effort with your develop- 
ment. All INTROL products are 
backed by full, i 
meaningful, 

technical support. 

CALL or WRITE 

for facts NOW! 


647 W. Virginia St. 
Milwaukee, WI 53204 
414/276-2937 FAX: 414/276-7026 
Quality Software Since 1979 
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New 
Instruments 


y.P-based Programmable 
E/I de Calibrator 


Model 520/A 


The Model 520/A is micro-processor based and 
is compatible with l|EEE-488, (GP-IP). 


The height is only 32 inches, features current 
mode outputs from 10 nanoampers (nA) to 110 
milliampers (mA), in 2 ranges, with extraordi- 
nary compliance of 100 Vdc. Even with this 
power, ideal for transducer instrument test- 
ing (4-20 and 10-50 mA), the accuracy Is 

+ 0.005%! 

The voltage mode has 3 ranges with outputs 
from 100 nV to 110 Vdc and optional to 1100 
Vdc. Compliance current is 1OO mA. The one 
year accuracy is + 0.002%. 

All ranges and both modes resolve to 1 ppm. 

A crowbar zero provides a reference for this 
essential value. 


Availability: 60 days. 
Price: $3,150. 1OOOV option $595. 


Engineering Contact: Bob Ross 


Tel: (617) 268-9696 
FAX: (617) 268-6754 CIRCLE NO 11 


AC Voltage Reference System 
Remotely Controlled Multiple Output 


System 408 


1 to 8 AC Voltage outputs independently and 
remotely controlled, variable and simultaneous 
ina single 5%” high chassis. 


A phase angle of O° and 180° is also 
programmable. 


_All functions programmed via IEEE-488 
(GP-IB) interface bus. 


Some applications: Synthesize linear velocity 
sensors, Simultaneous calibration of multiple 
instrumentation and data logging systems with- 
out multiplexing delays. Simulation of trans- 
ducers. For design, evaluation and calibration 
of accelerometers, amplifiers, A/D converters, 
digital and analog meters. 


Specifications include: Range: 10 mV to 30 Vac 
resolved to 1 mV. The compliance current is: 
50 mA. The accuracy is: + (0.05% of setting 
+ 15 mV). Output frequency (synchronized to 
an external sine wave stimulus): at a selected, 
fixed frequencies between 10 Hz and 400 Hz. 


Price: Main frame: $3,995 
Output modules: $895/each 

Engineering Contact: Bob Ross 

Tel: (617) 268-9696 

FAX: (617) 268-6754 CIRCLE NO 12 


ELECTRONIC DEVELOPMENT CORP. 
11 Hamlin St., Boston, MA 02127 

Tel: (617) 268-9696 

TLX: 951596 (ELECDEVCO BSN) 
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Simplify selection of ICs 
and discrete semiconductors 


The vendor continues to release its 
complete line of five integrated- 
circuit and five discrete-semicon- 
ductor digests. The improved for- 
mat design helps to simplify the de- 
vice-selection process. These refer- 
ences offer the following features: 
consistent device pinout informa- 
tion; product identification by func- 
tion, generic part number, and spe- 
cific manufacturer’s part number; 
electrical characteristics for every 
part number in each of the five di- 
gests; discontinued device identifi- 
cation; and alternate sources for 
every device. Each IC Digest, $110 
annually; optional quarterly up- 
dates, $60; total annual subscription 
with quarterly updates, $170; each 
Discrete Semiconductor Digest, 
$100 annually; optional semiannual 
updates, $25; total annual subscrip- 
tion with semiannual updates, $125. 
The digests are also available on 
magnetic tape. 
DATA Business Publishing, Box 
26875, San Diego, CA 92126. 
INQUIRE DIRECT 


Disk describes 
C support tools 


This demonstration disk presents 
the Micro/C programming-language 
support tools for single-chip wCs. 
It also details MS-DOS-based cross- 
compilers for the 8051 and the Z8 
and Super8 processors. The disk 
spotlights standard and enhanced 
features of C. Further, it provides 
examples of Micro/C support for 
memory maps, interrupts, and on- 


PEARSON 


Wide Band, Precision 


CURRENT 


MONITOR 


With a Pearson current monitor and an 
oscilloscope, you can measure pulse or 
ac currents from milliamperes to kilo- 
amperes, in any conductor or beam of 
charged particles, including those at 
very high voltage levels. 


This monitor is physically isolated from 
the circuit. It is a terminated current 
transformer whose output voltage pre- 
cisely follows the current amplitude and 
waveshape. A typical model gives an 
amplitude accuracy of + 1%, —0%, 20 
nanosecond rise time, droop of 0.5% 
per millisecond, and a 3 db bandwidth 
of 1 Hz to 35 MHz. Other models fea- 
ture 2 nanosecond rise time, or a droop 
as low as 1% per second. 


Whether you wish to measure current 
in a conductor, an electron device, ora 
particle accelerator, it is likely that one 
of our off-the-shelf models (ranging 
from 2” to 10%” ID) will do the job. We 
also provide custom designs to meet 
individual specifications. 


Contact us and we will send you 
engineering data. 


PEARSON 
ELECTRONICS, INC. 


1860 Embarcadero Road 

Palo Alto, Calif. 94303, U.S.A. 
Telephone (415) 494-6444 

Telex 171-412 - FAX (415) 494-6716 
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IF YOU WRITE IN C, THEN 
YOU SHOULD DEBUG IN C 


unsigned int ite 
int prime = i 
har fi 


Supported Processors: 


8051 Family 

68HC11 64180/Z180 
780 68000 Family 
6809 8085 


Sun Workstations is reg. TM., Sun Microsystems, Inc. IBM 
is reg. T.M., International Business Machines, Inc. Unix is 
reg. TM., Bell Laboratories, Inc. 
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The ultimate in time savings is 
obtained when you debug your 
code in the same language it was 
written. Code development is accel- 
erated as constant program print- 
outs are no longer necessary. All 
displays of your program, including 
the real-time trace buffer, are in the 
form you specify, with options for 
Source only, Source and assembly or 
assembly only. Use your favorite C or 
PL/M compiler with our emulation 
system and SourceGate™ to enhance 
productivity of your engineering 
department. If you are working with 
different microprocessors, 
SourceGate provides the same inter- 
face for each, so learning curves are 
almost nonexistent when switching 
between projects or processors. 


HMI enhances this software 
capability with the most advanced 
line of in-circuit emulators on the 
market today. SourceGate runs on all 
IBM PC family computers, Sun Work- 
stations and many Unix systems. 
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For complete details, contact: 
Huntsville Microsystems, Inc. 
PO. Box 12415, 4040 South Memorial Parkway, Huntsville, AL 35802 


(205) 881-6005 


TWX: 510-600-8258 
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FAX: 205-882-6701 


EDN serves 


electronic engineers and 
engineering managers in more than 
100 countries worldwide. 
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LITERATURE 


chip peripherals; sample C and as- 
sembly-code listings are included. 
Micro Computer Control, Box 
275, Hopewell, NJ 08525. 
Circle No 429 


Source book categorizes 
DPMs and printers 


This 48-pg industrial source book 
highlights numerous applications, 
wiring diagrams, 4- to 20-mA proc- 
ess loop schemes, suggestions for 
use, and prices for a wide variety 
of products. A listing of an ex- 
panded line of digital panel meters 
includes a battery-operated high- 
speed counter, a portable LCD volt- 
age-input DPM, and a micro-size 
RTD-input DPM. 
Acculex, 440 Myles Standish 
Blvd, Taunton, MA 02780. 
Circle No 430 


Pamphlets detail SCRs 


These two brochures highlight the 
features of the company’s zero- and 
phase-fired SCRs. These features 
include digitally controlled firing 
circuits, variable-time-base control, 
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LITERATURE 


phase-locked-loop synchronization, 
and P Series control options. Di- 
mensional drawings and tables, 
model tables with output power rat- 
ings, and ordering information com- 

plete the publications. 
Halmar Electronics Inc, 900 N 
Hague Ave, Columbus, OH 438204. 
Circle No 431 


FLSA A 


industrial Products 
1987-88 Buyer's Guide 


Buyer’s guide focuses on 
industrial products 


The vendor presents its 10th anni- 
versary issue of the Industrial 
Products 1987-88 Buyer’s Guide. 
The 170-pg catalog contains listing's 
with specifications and prices for a 
wide selection of industrial thermo- 
plastics, pipes, fittings, and valves. 
Other listings include flow and ana- 
lytical instruments, recorders, and 
metering pumps. 
M&T Plastics Inc, 6715 Joy Dr, 
East Syracuse, NY 13057. 
Circle No 432 


Publication features 
scientific software 


The 6-pg brochure, Asystant, The 
Scientific Number Cruncher, dis- 
cusses the capabilities of the menu- 
driven scientific software for data 
analysis and graphics. It describes 
data file I/O and processing, array 
and matrix operations, statistics, 
waveform and signal processing, 
polynomials and differential equa- 
tions, curve fitting, built-in utili- 
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ties, and graphical presentation. 
The illustrated pamphlet also lists 
system specifications. Descriptions 
of the vendor’s products and sup- 
port services complete the bro- 
chure. 

Asyst Software Technologies 
Inc, 100 Corporate Woods, Roches- 
ter, NY 14623. 
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It’s faster 
eS 
than phoning! 


Before phoning a supplier to get their new catalog, reach for your 
1988 Thomas Register. Because in its Thomcat Catalog File Sec- 
tion, you'll have instant access to 9,128 pages of the latest catalog 
data from 1,430 manufacturers. 

You could save days—or even weeks of time—and increase your 
options enormously. 

If you don't have the latest Thomas Register in your department, 
just use the reader service card for subscription details. Or call 
toll-free: 1-800-535-3232 Ext. 99. (Sorry, we can’t make that any 
faster than phoning.) 


Thomas Register of American Manufacturers 
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Everything you need 
to design-in high-speed op amps. 
For the price of a stamp. 


OUR NEW VIP™ 
OP AMPS MAKE DESIGNING 
EASIER 


Built with National’s exclusive 
vertically integrated PNP (VIP) 
process, these new amplifiers 
couldn't be easier to design with — 
— even for the novice. 

You can use them to develop 
new designs never before practical. 
Or to enhance old designs for very 
little cost — in dollars, power, or 
real estate. 

And we'll send you everything 
you need to get started — including 
‘a free sample. So you can see for 
yourself just how easy it is. 


HIGHER SPEEDS, LESS POWER 


These new op amps feature 
slew rates of 300 V/us and gain- 
bandwidth products up to’750 MHz. 

And they do so without complex, 
expensive, and power-hungry 
dielectric isolation techniques. 


© 1988 National Semiconductor Corporation 


p October 13, 1988 


VIP op amps require no more 
power than traditional op amps. You 
can even use the same type of 
circuit-building techniques — with 
very little supply bypassing. 

Because of their unique low 
power dissipation, you can easily 
fit them into predominantly digital 
systems without special analog 
power supplies. 

Our exclusive VIP process and 
device layout give them excellent 
stability. They Il drive a 330 pF 
capacitive load — or any other 
size — with no oscillation. 

The LM6361 is unity gain stable, 
the LM6364 stable for gains above 5, 
and the LM6365 for gains above 
25. We also offer two VIP buffers. 


LOWER COST 


Not only are VIP op amps easier to 
design with than comparable de- 
vices but they cost less than a fourth 
as much.They are not made with 
expensive processes. Nor are they 
packaged in expensive packages. 

Instead of TO-3s, they are pack- 
aged in ordinary 8-pin mini-DIP 
or surface-mount packaging. 


They're ideal for video output 
stages, data communication sys- 
tems, graphics systems, local area 
networks, and sample-and-hold 
circuits. 


MORE CHOICES 


In addition to VIP, National offers 
no less than four other major op 
amp processes — bipolar, BI-FET; 
CMOS, and hybrid. And each 
category contains many variations 
and subprocesses, so that you 
can choose the optimum building 
blocks for your application. 


SEND FOR YOUR 
FREE SAMPLE KIT TODAY 


All you have to do to get your free 
VIP sample kit is to return the cou- 
pon below. Or—if you don't have 
the price ofa stamp — simply give us 
a call, toll-free, at (800) 252-4488, 
ext. 752. 


National 
Semiconductor 
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Please send me my free VIP sample kit with comprehensive data. 


Name 
Company 
Address 
City 


ADTLO3 FK12000 EDN 


State 


Title 
Phone 


Zip 
EDN101388 


Mail to National Semiconductor Corporation, Inquiry Processing Center, 


PO. Box 6458, Torrance, CA 90504-9953. 
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The message at Storagelek 
is loud and clear 


The Future 
is at Hand. 


Storage Technology Corporation is moving forward 
as a determined competitor in the information stor- 
age and retrieval industry. We are financially 
healthy. We know our market. We are a leader in 
providing complete solutions to our customers’ 
needs. Currently, we are seeking: 


Software Engineers 


Join the motivated team at StorageTek to architect, 
design and develop advanced software elements 
of new Storagelek products. Requirements include 
a BSEE/BSCS and two or more years experience 
in assembly language, ‘‘C’’, or other block level 
languages. Positions are available in the follow- 

ing areas: 


Functional microcode running in advanced RISC 
engines to operate high performance caching 
disk controllers. 


Diagnostic microcode that directly exercises 
hardware to determine proper operation and 
evaluate faults. 


Functional microcode to operate the IPI interface 
of a caching tape controller. 


Software to interface engineering workstations, 
workstations software and integrated mainframe 
design automation applications. 


IBM mainframe software running under MVS/XA 
and MVS/ESA that does functional and perform- 
ance tests of I/O equipment. 


Simulation and modeling software written ina 
generalized simulation language (such as GPSS) 
to model operation of I/O subsystems. 


Logic Design Engineers 


Design and develop advanced intelligent caching 
disk controllers or high speed intelligent tape/disk 
controllers. 


To qualify for these design positions you should 
have a BSEE and 2 years experience in logic 
design and/or CMOS gate array design of micro- 
programmed tape and/or disk controllers. A Sub- 
system architecture background is desirable as 
is knowledge of high performance mainframe 
storage systems. 


Power System Engineer 


Join the team who’s developing the next generation 
Data Storage Control Unit. Responsibilities include 
the architecture, specification, design and devel- 
opment of the entire power system. Experience in 
linear and switching power supplies, DC power dis- 
tribution, redundant and battery back-up systems, 
three phase AC power distribution and protection 
required. Knowledge in power system packaging 
and UL/CSA/IEC/FCC requirements also a must. 


The ideal candidate should have a BSEE and 
9 years experience in power systems design 
including a minimum of 5 years in tape or disk 
controller or computer power systems. 


Please send your resume to Jim Meadows, Storage 
Technology Corporation, Department ED59, 2270 
South 88th St., Louisville, Colorado 80028-3159. 
We are an equal opportunity employer. 


The Information Storage 
and Retrieval Company. 


CAREER OPPORTUNITIES 


1988 Editorial Calendar and Planning Guide 
EDN 


Editorial Emphasis 


Issue Recruitment 


Date Deadline EDN News 


Nov. 10 Oct. 20 Programmable Logic Devices, 
Integrated Circuits, Test & 
Measurements, Wescon ’88 


Show Issue Closing: Oct. 27 


Mailing: Nov. 17 


Nov. 24 Nov. 3 Microprocessor ‘Technology 


Directory Graphics, CAE 


Dec. 8 Nov. 16 Product Showcase—Vol. I, 
Power Sources, Software 


Closing: Nov. 21 


Dec. 22 Dec. | Product Showcase—Vol. II, Mailing: Dec. 15 
Computers & Peripherals, 


Test & Measurement 


Call today for information: 


East Coast: Janet O. Penn 
(201) 228-8610 


West Coast: Mary Beth West 
(213) 826-5818 


National: Roberta Renard 
(201) 228-8602 


TECHNICAL WRITERS 
NATIONAL OPENINGS 
TO $55,000 


Commercial Writers 
Opportunities exist for HARDWARE & SOFTWARE WRITERS exp’d 
writing user, application, program, operating system, maintenance, 
or installation documentation for any of the following: 


Mainframes UNIX LAN 
Compilers ‘C’ SNA, X.25 
Workstations VAX Telephony 
PC’s Databases CAD 


Military/Government Writers 


Pubs Supervisor — 15+ writers/instructors, military communica- 
tion systems. Reviews, salary/budget plans 


Lead SW Writer — technical manuals, sw data items, sw proposal 
sections. Mgmt ability needed, seed person for new pubs group 


SW Writer — sw development docs., application manuals 


HW Engineering Writers — exp documenting communication 
systems, fire control, avionics, simulation, radar, etc 


Call Michael Dunn (collect) at (215) 667-7700 or send resume to 


Seige 


JUDGE, INC. 


Suite 402, 150 Monument Rd. 
Bala Cynwyd, Pa. 19004 


All positions are DIRECT CAREER OPPORTUNITIES with all fees and interviewing ex- 
penses paid by client companies 
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At Compaq, 
_ a first-place finish — 
is only the beginning. 


When youre setting the pace, you 
don't stop to rest. 

Our people have taken us farther, faster 
than any company in history. Now Compaq 
is the industry leader in 80386-based personal 
computers for business. In 1987 we became 
the fastest company to reach $1 billion in 
annual sales. And our sprint to the Fortune 
500 turned in a record time as well. 

But getting out in front wasn't easy. Staying 
there is even tougher. It takes the careful 
planning and hard work of a team of talented 
professionals. 

Our phenomenal growth has created a 
variety of new openings for professionals 
at our Houston world headquarters. Your 
degree and computer industry experience 
can put you on our winning team. 

Compaq people are individual achievers. 
At the same time, they participate as part 
of a team. As a Compag professional, you'll 
hit the ground running. Your voice will be 
heard and you'll share in the big picture. 


CAE System Engineers: 

You'll bring on-line new design 
methodologies, develop and execute 
benchmarks and install new software/ 
hardware. Your experience should include 
simulation accelerators, fault grading and 
scan technology, modelling techniques, and 
mainframe and/or super minis. Exposure 
to ASIC and/or UNIX environments 1s 
desirable. You'll need a BSCS or BSEE, MSCS 
or MSEE preferred, and five years’ CAE 
development experience. 


Packaging ney area 

As a Compag Packaging Engineer, you'll 
help improve the quality of Compaq products. 
You'll need a BS in Packaging Engineering 
or equivalent degree, plus three to ten years' 
experience in a computer or electronic com- 
ponent manufacturing environment. Your 
expertise should include shock and vibration 
testing as well as evaluation of packaging 
cushioning materials. International packaging 
and project management experience 
is desired. 
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Software Audit/Test Engineers: 

Put your design and development expertise 
to the test improving structural software. 
You'll help increase the reliability of PC 
systems and operating systems software. 
With a BSEE or BSCS and five years’ software 
quality assurance or testing experience, 
the challenge is yours. Knowledge of 'C’ 
and 8086/286/386 Assembly language 
is essential. 


Microprocessor Logic and 
ASIC Design Engineers: 

Challenge your expertise in high-speed 
logic design and/or microprocessor system 
design using flow charts and timing diagrams 
for digital design and detailed design analysis. 
Your experience should include vendor 
libraries, test vector generation, simulation 
checkout, and TTL emulators for gate array 
standard cell design. Familiarity with Cex 
systems used in logic design, test vector 
generation, simulation checkout, and docu- 
mentation is also necessary. You must have 
five years’ related experience plus a BSEE 
or equivalent degree; and MSEE degree 
is preferred. 


Electrical Design Engineers: 
Responsibilities include development and 
evaluation of new mass storage products, 
principally flexible drives. You will perform 
specification, design review, test, failure 
analysis and product support functions. In 
addition, you will monitor and assist as 
required, the start-up phase of vendors pro- 
duction line to assure process controls, test 
capabilities, etc. Requirements include a 
BSEE and five to seven years of experience. 


Systems Software Engineers: 
Evaluate, design, and develop firmware, 
operating systems, device drivers, and utility 
software for PC systems. You'll need a BSCS, 
BSEE or equivalent degree with four years' 
related experience in PC software develop- 
ment, 8086/286/386 Assembly/'C’ language 
programming in MS-DOS, OS/2, and/or 

UNIX/XENIX operating systems. 


Systems Architects: 

Design new products by investigating 
and evaluating system compatibility and 
performance of design alternatives and new 
technologies. You'll develop hardware 


| st alae tests and performance 


analysis tools 

Qualify with a BSEE, MSEE preferred, 
and three years’ hardware background with a 
knowledge of microprocessor-based systems 
software. In addition, experience with CPUs/ 
memory/bus architecture, numeric co- 
processors, file subsystems, network/ 
communications, graphic subsystems 
and state machines is required. 


Electrical R&D Engineers: 

Develop and evaluate new mass storage 
products, principally Winchester drives. 
Strong knowledge of all phases of Winchester 
disk drives design, especially Interface, Read/ 
Write, Servo, and Mechanical are necessary. 
Familiarity with MS-DOS, Assembly, and 'C’ 
along with a BSEE and five years’ experience 
are required. 


Can you run with the leader? 

You won't know until you try. At Compaq, 
the freedom of our unique corporate environ- 
ment helps foster the greatest creativity and 
highest levels of personal satisfaction. A 
career with Compag means you'll have 
room to run. You'll play an important role 
and be recognized for your accomplishments. 

Compaq offers competitive salaries, 
comprehensive benefits and an unequaled 
work environment. In addition to our 
engineering positions, we have a variety of 
ongoing opportunities for select professionals 
in manufacturing, operations, marketing, 
sales, finance and human resources. 

Please submit your resume, salary require- 
ments and the position for which you wish 
to be considered to: 

Compaq Computer Corporation, 

Dept. EDN 1088-MW, PO. Box 692000, © 
Houston, Texas 77269-2000. Compaq is 
an affirmative action employer, m/f/h/v. 


LOMPAA 
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ALL MIS, DATA PROCESSING, ENGINEERING, 


COMPUTER & SALES PROFESSIONALS 


Explore your career opportunities at 
CCC Career Conventions -- in Los Angeles. 
Find your way through the job market jungle by 
attending the most complete career conference for 
experienced MIS, Data Processing, Engineering, 
Computer Science, Programming, Technical Sales 
and Marketing Professionals. 
_ Two full days of FREE Career Development 
Seminars will guide you along the fast track to 
getting the right job offers. Learn what they never 
taught you in school - How to Win the Interviewing 
Game, The Art of Networking: One-on-One, Inside 
Tips on the Employment Process, How to Make a 
Career Change, and much, much more! 
Visit an open-house exhibi- 
tion featuring hiring managers 
from over 40 of the nation's 


All companies are direct Equal Opportunity Employers. 
U.S. Citizenship required for some positions. 

We are not an agency. 

No registration. 


nen BE 


-m ee 
LOS ANGELES’ MOST COMPLETE CAREER CONFERENCE! FREE EXHIBITS & SEMINARS. CALL FOR INFO (213) 450- 8831. 
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Takea 
Good oon 
a 

Your Future. 


leading companies. Talk with more potential employ- 
ers in two days than you'd normally see in a whole 
year. Career opportunities that haven't even been ad- 
vertised are waiting for you! 

There'll also be a FREE resumé evaluation 
service on-site in the exhibition hall and FREE copies 
of Datamation and NOT JUST The Classifieds. 

This window of opportunity to see your future will 
only be open FRIDAY, NOVEMBER 4 and SATUR- 
DAY, NOVEMBER 5 at the Long Beach Convention 
Center. Friday's exhibit hours are 12:30pm to 
6:00pm, with seminars beginning at 11:00 am. Satur- 
day's exhibit hours are 9:30am to 2:00pm, with 
seminars beginning at 8:30am. Call for your FREE 
Admission Tickets and 

Seminar Schedule 
NOW! (213) 450-8831 


CCC Career 
acl Conventions. 
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nter the Eye 


It’s easy for companies to see what's going on around them. 


Market trends. New product developments. Competitive activities. 

What sets Motorola’s Semiconductor Products Sector apart 
is focus on our internal force. The power of a strong partnership 
with our people. People who are the source of innovation. 

It is this 
unwavering belief in employee participation and recognition that 
is the foundation of our technical achievement. That invites our 
continued growth and success. 

When you enter Motorola‘s 
Semiconductor Products Sector, you enter a storm of activity that 
excites the imagination of the designing and discriminating mind. 


Specific needs for development and support of our 88000, 
68000 and 56000 product lines has created a world of 
opportunities in Motorola's High-End Microprocessor design 
organization in Austin, Texas for: 


MASK LAYOUT DESIGNER 


Work with schematics, logic diagrams and engineering notes to plan and 
execute topological design of VLSI MPU circuits. Support revisions of 
existing design and direct design staff. Requires Associate Degree and 
2-5 years related experience. . 


CIRCUIT DESIGN ENGINEERS 


Perform design and analysis of high speed CMOS circuits related to micro- 
processors and peripherals, and assist test/product engineers. Requires 
BSEE and 2+ years experience with knowledge of microprocessor 
functionality and characteristics. 


32-BIT PRODUCT MANAGER 


Responsible for the success of the 32-bit Product Line. Duties include 
forecasts, price strategy, competitive analysis, cost analysis, new product 
introduction, first level technical contact with customers and intra company 
representation. Requires BSEE and 3+ years experience in computer 
systems: MBA helpful. 


PRODUCT ENGINEERS 


Responsible for yield/cost management and improvement, characterization 
of products to support design, manufacturing and quality improvements, 

~ and customer interface. Requires BSEE and 1-5 years experience with 
knowledge of microprocessor functions and characteristics. 
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_ of the Stor 


SOFTWARE ENGINEERS 


Design, implement and maintain operating 
systems, compilers, assemblers, simulators 
and run-time support packages for the 
M68000, M88000 and DSP 56000 product 
families. Requires BSCS, BSEE or equiva- 
lent and programming experience in a 
UNIX C environment and/or Graphics. 


CAD/CAE ENGINEERS 


Design, develop and maintain the 
CAD/CAE tools for integration to design 
engineering system. Requires strong 
knowledge of related tools and standards. 


SYSTEMS DESIGN ENGINEERS 


Responsible for definition/development of 
16/32 bit microprocessor and peripheral 
elements/various combinations and 
development of design methodology for 
ASIC based design. Requires BSEE/BSCS 
and 3-5 years experience or MSEE/MSCS 
and 1-3 years experience including strong 
background in computer architecture and 
High Level Language. Experience in ASIC 
software tool development is a plus. 


In addition to the highly competitive 
salaries and benefits of Motorola, our 
desirable Austin location offers rolling 
hills, clear blue lakes, affordable housing 
and warm Texas hospitality. Explore one 
of these opportunities now. Send your 
resume to the attention of Brett Rodgers, 


_ Motorola Semiconductor Products 


Sector, 1112 W. Ben White Blvd., Suite 
200, Austin, TX 78704. 


MOTOROLA 


Semiconductor Products Sector 
An Equal Opportunity/Affirmative Action Employer 
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“THIS YEAR WE'RE FACED 
WITH HUNDREDS OF HIRES. 
WE'LL FIND THEM THROUGH 

EDN MAGAZINE AND EDN NEWS.” 


Jeff Champion 

Recruiting Programs 
: Manager 

GE Syracuse 


As recruiting programs manager for GE Syracuse, 
Jeff Champion could rely solely on executive search firms 
and local newspapers to recruit the sonar, acoustics, and 
software engineers he’s after. 


But when it comes to hiring qualified engineers for GE 
Syracuse, a major supplier of sonar and radar systems to 
the military, Jeff Champion knows better. “We get a much 
higher qualification rate from EDN magazine and EDN 
NEWS. In fact, we rely heavily on the two publications.” 


That’s why the major portion of Jeff's budget is devoted to 
advertising in EDN magazine and EDN NEWS. As he says, 
“They work well together, with next to no duplication in 
response. In 1988, we’ll run monthly in either one, or both, 
of the two publications and build from there.” 


Advertising in EDN magazine and EDN NEWS 
works for GE Syracuse. It can work for you. 


EIDIN 


Where Advertising Works 


Honeywell Avionics 
in Clearwater 


Focused on the Future 


We have a vision at Honeywell Avionics, one that only human creativi- 
ty can impact. We see the future of space technology as the catalyst 
for discovery in the future and we are firmly committed to helping 
Shape that future. Our experience in the areas of onboard data pro- 
cessing, guidance, navigation and control, including applications of 
VHSIC, GaAs and ring laser gyros on complex ICBM, strategic defense 
and Space Station projects, has prepared us well. Now we are in- 
volved with meeting the challenge of the Advanced Tactical Fighter, 
the National Aerospace Plane and other space projects that will re- 
quire high levels of creativity and innovation. If you would like to par- 
ticipate, consider one of the following immediate opportunities: 


e Senior Software Engineers 

e Component Application Engineers 
e Design and Development Engineers 
e Senior Reliability Engineers 

e Software Engineers 

e Senior Systems Engineers 


The positions listed above require a BSEE/MSEE or a BS degree in 
physics, math or computer science with five to ten years of related 
experience. 


As an industry leader, Honeywell offers the opportunity to impact 
the future. For immediate consideration, please send a resume to 
Ann Sherman, (EDN-F30C), Honeywell Avionics, MS120-1, 
13350 U.S. Highway 19 South, Clearwater, FL 34624. An equal 
opportunity employer, m/f/h/v. 


Honeywell 


HELPING YOU CONTROL YOUR WORLD 
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IREE-Z 


lOtech offers the 
widest selection 
of easy-to-use 
IEEE 488 (GPIB) 
interfaces for the 
Macintosh. 


«NuBus IEEE 
board for the 
Macintosh Il 


or 
Data Acquisition Systems 


“SCSI / IEEE 
controlle 


Expandable—Up to 16 channels Efficient—Non-volatile memory 
Configurable—Choice of filter trans- stores up to 8 set ups 
fer functions per channel 
Butterworth Conversational—80 character dis- 
Elliptic play for front panel 
Bessell operation, and 
W — Linear phase HELP messages 
| : Simple—Menu driven operation Pregrermnny221e- By keypad or 
all or send for your F REE _ Agile—Fine tuning from 0.1 Hz bus—standard 
Technical Guide — | | to 102.4 kHz parallel or 
Adaptable—Pre- and post gain IEEE-488 
to 40 dB 
For more information, FREQUENCY 
please call us at { 7) DEVICES 
617-374-0761. 


CIRCLE NO 234 


Be An Author! 


IO tec h. . th ec h O Hl ce i sea sy When you write for EDN, you earn professional recognition. And you earn $75 per 
published magazine page. 
EDN publishes how-to design application information that is read by more than 
157,500 electronics engineers and engineering managers worldwide. That’s an 
T audience that could belong to you. 
O C If you have an appropriate article idea, send your proposal and outline to: John 
—————— Haystead, 275 Washington Street, Newton, MA 02158-1630. 
(216) 439-4091 ome, For a FREE EDN Writer's Guide—which includes tips on how to write for EDN 


and other technical publications—please circle number 800 on the Information 
Retrieval Service Card. 


25971 Cannon Road «Cleveland, Ohio 44146 
London (0734) 86-12-87 * Paris (1) 34810178 « Zurich (01) 821 944 
Milan 02-4120360 * Linkoping 013 11 01 40 ¢ Gorinchem 01830-35333 
Sidney (2) 452 3831 * Seoul 784-9942 * Munich and other European, 


First in Readership among Design Engineers and Engineering Managers in 
North African and Middle East countries not listed (089) 710020. Electronics. 
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EDN’s 
CHARTER 


EDN is written for profes- 
sionals in the electronics in- 
dustry who design, or man- 
age the design of, products 
ranging from circuits to sys- 
tems. 


EDN provides accurate, de- 
tailed, and useful information 
about new technologies, 
products, and design tech- 
niques. 


EDN covers new and devel- 
oping technologies to inform 
Our readers of practical de- 
sign matters that will be of 
concern to them at once or. 
in the near future. 


EDN covers new products 

e that are immediately or 
imminently available for 
purchase 

e that have technical data 
specified in enough de- 
tail to permit practical 
application 

e for which accurate price 
information is available. 


EDN provides specific ‘“‘how 
to’ design information that 
Our readers can use immedi- 
ately. From time to time, 
EDN’s technical editors un- 
dertake special ‘‘hands on’”’ 
projects that demonstrate 
our commitment to readers’ 
needs for useful information. 


EDN is written by engineers 
for engineering professionals. 


EDIN 


275 Washington St 
Newton, MA 02158 
(617) 964-3030 
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Ne have always been there. . 


Since 1933, we at Amphenol have — ‘and more than 500 MIL-C- 39012 and 

een leading the way in the devel- MILA55339 piagyscesg pate 

>pment of coaxial connectors. Today, 

we manufacture the world’s most 

comprehensive selection, with 22 

distinct series, comprising over 4,000 > ‘spond i in critical | designisevelopment 
able connectors, receptacles, adapt- situations. _ e : 

ers, terminations and accessories, 2 | 


Heat sink bracket improves 
solenoid actuator 
performance. See below. 


These tips make solenoids more 
attractive than ever for designing high 
quality, reliable, long life actuators: 


Specialized types. For example, 

we offer rotary solenoids with or 

without axial movement, with 
standard life from millions to hundreds 
of millions cycles. Extremely high 
speed/high force models extend 
yesterday's limits. Soft Shift™ solenoids 
allow precise variable speed control. 


, ]) Controllable characteristics. 
f . Virtually every parameter can be 

(edi optimized, either by selection of 
the right model, or by solenoid design 
optimization. Low cost digital controls 
are easily applied. For example, to 
maximize quiet operation a digital 
current ramp generator makes a Soft 
Shift solenoid practically noiseless. 


Design tips to sit 


Versatility unlimited. Any rotary, 
linear, or combination motion 

. can be achieved using a 
solenoid and linkages to change stroke 
length or direction. For example, here 
are two locking mechanisms, of many. 
Lucas Ledex can suggest approaches, 
or furnish the whole package. 


Lever a 
Advantage A — Rotary 


Armature Motion 
lever 
Rotar 
Stroke 
Shaft bar A \ ; Linear 
link 


Design actuators faster. Want to 
develop breadboards and 
prototypes faster? Choose 
solenoids because you can get working 
hardware fast, by phone if you're in a 
rush. We stock hundreds of types and 
models, and our applications staff can 
help you select. Compared with some 
actuators, solenoids are relatively 

low in cost. 


Mounting cools solenoid. 
Solenoids can concentrate a lot 
of electrical energy in a small 
paca Plan to mount the solenoid on 
a heat sink, such as an aluminum plate 
or bracket for best performance. 


Want to know more? 


Request catalogs. 


1-800-999-0009 


for nearest sales office 


Lucas Ledex Inc. 

PO. Box 427 

Vandalia, Ohio 45377-0427 U.S.A. 
Phone: 513-898-3621 


“a 


helpful motion control technology 


Lucas Ledex 
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ysterr swith a high ia Mizar real-time 
subsystem. Based upon Wind River Systems: 

Norks™ Real-Time Operating System, the real-time 
subsystem offers an embedded multitasking kernel, 
interprocessor communications, file management 
facilities, a choice of processors including SPARC™ 
68010, 68020, and 68030, and a variety of peripheral 
options. Each Hybrid Server is fully integrated in a 
single enclosure and ready for your application. 


To supplement these features, Mizar’s Hybrid Server 
includes options for networking. Through Ethernet™ 
and VxWorks, you can assemble networks of 
windowing Hybrids for sophisticated real-time 
management and control. Mizar servers can 

even reside in Sun networks with capa- _ 

bilities for remote login to Sun work- 

stations and network file access. 


Hybrid Server is a trademark of Mizar, Inc. 

Sun logo is a registered trademark of Sun Microsystems. 
SPARC is a trademark of Sun Microsystems. 

UNIX is a registered trademark of AT&T. 

\VxWorks is a trademark of Wind River Systems, Inc. 
Ethernet is a trademark of Xerox Corp. 


Exceptional Systems Development | 
To simplify application development, use your Hybri 
Server to create the most complete real-time devel- 
opment system available. Each Hybrid includes all 
the tools you need to develop code for your real-time 
targets. Develop under UNIX, download over the 
VME backplane, and debug using advanced real-time 
software. You can even choose an optional source 
level debugger. 


Experience the power and flexibility of a Mizar 


Hybrid Server. Call today. 


-800-635-0200 


Tne shortest distance between 
concept and reality. 


1419 Dunn Drive + Carrollton, TX 75006 * (214) 446-2664 
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LOOKING AHEAD 


Contamination control 
crucial for IC manufacturers 


To achieve any kind of sustained 
growth, US semiconductor manu- 
facturers must work closely with 
semiconductor-equipment and 
-materials suppliers in addressing 
and solving the problem of contami- 
nation in the the fab area, according 
to The Information Network (San 
Francisco, CA). Contamination and 
particulates in the fab area signifi- 
cantly affect the production yield 
for semiconductors. What’s more, 
as device dimensions decrease, the 
issue of particulate contamination 
grows even more significant. 

The researchers recommend the 
goal of a zero-contaminant environ- 
ment for US manufacturers. 
Achieving this goal would require 
stringent clean-room standards, 
and managers would have to en- 
courage their employees to be dili- 
gent in promoting the cause. Com- 
panies should also scrutinize their 
suppliers. Another problem to be 
solved is the lack of standards. The 
Information Network points out 
that a lack of standard guidelines 
creates confusion in the industry. 
Class 10 clean-room air, for exam- 
ple, contains 0.00035 particles 
larger than 0.2 wm per ml. On the 
other hand, standard-grade proc- 
essing chemicals contain 100 to 
100,000 particles larger than 1.0 pm 
per ml. Low-particulate chemicals, 
which can cost four times more, con- 
tain 10 to 500 particles per ml. 

The cost of R&D—and of the 
equipment necessary to properly 
test and then correct faulty condi- 
tions—mandates management in- 
volvement. The cost of a Class 1 
clean room, for example, entails a 
substantial commitment: One 
15,000-sq-ft clean room with a ¢a- 
pacity of 15,000 6-in. wafers per 
month and located within a 60,000- 
sq-ft fab building costs $15M— 
unequipped. 

Purification methods must be the 


EDN October 13, 1988 


EDITED BY CYNTHIA B RETTIG 


best available. Current methods in- 
clude catalysis, chromagraphy, dis- 
tillation, electrostatic precipitation, 
and molecular sieve. And the kind 
of testing equipment usually found 
only in the research laboratory 
should be used in the manufacturing 
process. Manufacturers should test 
incoming chemicals and materials 
on a lot-by-lot basis. 

The Information Network recom- 
mends that manufacturers bench- 
mark their suppliers. Pricing, for 
one thing, involves more than the 
bottom line. To find the best buy, 
manufacturers should rate the full 
price-support package, including 
field support, process support, and 
supplier stability. 

Manufacturers should also con- 
sider each supplier’s attitude and 


look at the reputation of the com- 
pany, its willingness to negotiate, 
and its repeat-customer base. The 
benchmarking process should also 
include checking out how respon- 
sive the supplier was to proposed 
changes during the beta testing of 
its system, and whether the com- 
pany has the staff to make its prom- 
ises of support into a reality. 
Understanding the sources of 
contaminants—such as the particu- 
lates a machine can generate—is 
crucial to understanding lower de- 
vice yields. Finally, in addition to 
sophisticated monitoring and rigor- 
ous calibration methods, a simula- 
tion of the production mode for mul- 
tiple wafer processing is necessary 
for complete testing and control. 


Color-copier market to see 
$860M in revenues in 1992 


As the use of color hard copy in- 
creases, so does the need to repro- 
duce multiple copies of color origi- 
nals. Consequently, within the next 
few years, full-color copiers will be- 
come standard equipment for of- 


fices, predicts CAP International 


Inc (Norwell, MA). It projects that 
the total color-copier market will 


reach $860 million by 1992, a dra- 
matic rise from the 1987 figure of 
$65 million. CAP predicts that elec- 
trophotographic copiers will be the 
fastest-growing segment of the 
market during the forecast period. 
More and more electrophotographic 
color copiers are entering the mar- 
ketplace with improved speeds and 
lower prices. 


MARKET FOR COLOR COPIERS 
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NOTE: 
BECAUSE THE VALUES IN THE CATEGORY "OTHER" ARE SO 
SMALL, THEY DO NOT APPEAR ON THE GRAPHS FOR 1987. 


(SOURCE: CAP INTERNATIONAL INC) 
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Molex Is Making The Connection Between... 


HIGH CURRENT 


From power supply to 
power distribution, Molex makes 
the connection. 

Molex, the industry leader, 
now offers the most complete line 
of pin and socket connectors 
available. From standard wire-to-wire 
and wire-to-board versions, to the 
new high-performance “Mini-Fit Jr.” 


Mini-Fit Jr. meets 
today’s demand for miniaturized 
design components. 

With current handling 
capability of up to 9 amps per 
circuit, and a connector mating 
force of only 1.54 pounds per 


circuit, the Mini-Fit Jr. offers the : Mini-Fit Jr. is our new generation 
ideal solution to your high current _Molex is THE source power connector for your panel-to- 
and high density interconnection for immediate delivery of wire, wire-to-wire, and board-to- 
requirements pin and socket products. wire applications. 


Molex has factory stock and 
distributor inventory around the world. Our pin and socket 
connectors meet full UL, CSA, VDE, and EAMCL standards. 
Features include silo protected terminals, positive lock, and pull 
tabs. They’re available in brass or phos-bronze, with tin or selective 
sold plating for low cost and high performance. 

Molex has the pin and socket connector you need, in the size 
and configuration you need, for every discrete wire application. 


Service To The 
Customer...Worldwide 


Northern Asia Headquarters: Tokyo, Japan, 03-487-8333 « Southeast Asia Headquarters: Jurong Town, Singapore, 65-265-4755 
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We build anonymous modems 


Some of our best OEM customers 
dont want to be identified; we 
understand. They’re among the 
world’s leading suppliers of com- 
puters, intelligent terminals, 
graphics and engineering work- 
stations and other equipment 
that requires built-in data 
communications capability. 
These well-known companies 
have selected UDS as their modem 


supplier because we provide front- 


Created by Dayner/Hall, Inc., Winter Park, Florida 


running technology, Superb manu- 
facturing capability, unmatched 
customer support...and discretion. 
In a word, UDS modems give their 
products the kind of reliability 
they like to claim as their own. 

UDS has a broad selection of 
OEM “standard” designs on file; 
we also offer industry-leading 
capability for the development of 
custom boards. Combined, these 
two approaches have already 


(MA) MOTOROLA INC. 


for our famous friends 


placed more than 3,000 modem 
designs into active field service. 
If you’re one of the big boys 
— or if you want to solve data- 
comm problems the way the big 
boys do — find out what UDS 
recommends as a cost-effective 
solution for you. Contact Universal 
Data Systems, 5000 Bradford 
Drive, Huntsville, AL 35805. 
Telephone 205/721-8000; 
Telex 752602 UDS HTV. 


Universal Data Systems 
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Cable 


Vari-Twist™ 


Transmission 


Line Cable 


Shielded 
Jacketed 


Ribbon Coax 


The cost advantages of using 
flat cable are well Known. Unfor- 
tunately, flat cable applications 
have been somewhat limited 
due to the lack of sophisticated 
shielding and cable design. 
Until now. The same advanced 
technology which has made 
Belden a leader in round cable 
has now been successfully inte- 
grated in flat configurations. 
From the simplest form of lami- 
nated cables to sophisticated 
designs utilizing combinations 
of foil and braid shielding, 


There is no equal.” 
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Stacked Cable 


Peelable 
Ground Plane 


Shielded 
Jacketed Cable 
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BELDEN 
REDEFINES 


FLAT 
CABLE 
TECHNOLOGY 


Belden integrates the 
cost-effectiveness of flat cable 
with new design sophistication. 


Belden offers one of the most 
comprehensive flat cable 
product lines. Shielded or 
unshielded, twisted or straight, 
jacketed or unjacketed, PVC or 
FEP Teflon*—all Belden® flat 


*DuPont trademark 


See our catalog in EEM 


cable is made to the same 
uncompromising level of 
quality. 


Flat cable and connectors from 
Belden: we’re helping you elimi- 
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Rainbow Cable 
(PVC or FEP 
Teflon’) © 


Ribbon Coax 


Shielded 
A&B Cable 


nate traditional design conflicts 
with innovative solutions. That's 
why There is no equal. For more 
information on 
Belden Flat 
Cable and Con- 
nectors, request 
our Master 
Catalog 885. 
Belden Wire 
and Cable, 

P.O. Box 1980, 
Richmond, IN 47375. 


1-800-BELDEN-4 


INDUSTRIES 


